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PREFACE AND ACKNOWLEDGEMENTS 
The enhancement of watershed management in Tanzania using the Payment for 
Ecosystem Services Decision Enhancement Studio (PESDES) is initiated out of 
experience and interest of the author, a reflective practitioner, who has been hand to the 
government and watershed stakeholders in addressing topical issues in watersheds. The 
nastiest watersheds topical experiences in many African countries, including Tanzania, 
have included the degraded watershed landscapes tied with unsustainable supply of safe 
water in the ecosystems. This experience has also been a result of practices with features 
of truncated efforts of the government and watershed stakeholders who, by the same 
token, have been and continue to be beneficiaries of land and water resources.   
The Government of Tanzania, like many other African governments, is addressing 
watershed challenges by implementing stakeholders’ frameworks and efforts for 
inclusion in watershed management. The frameworks are viewed and regarded as the best 
ways towards achieving sustainable development goals for land and water resources in 
Africa. As a reflective practitioner, the author has been involved in a number of watershed 
explorations, and implementation of interventions to address watershed issues.  
Consequently, the focus of this study has been to establish effective frameworks for 
inclusion in stakeholders’ efforts for watershed management. The explorations enhanced 
understanding of watersheds and design of relevant structures for implementation. During 
the course of the study, the author interacted; through inter alia discussion with various 
watershed stakeholders in getting a deeper understanding of needed collaboration and 
decision making for implementation of Payment for Ecosystem Services (PES) schemes 
for watersheds management in Tanzania. The research was based on the premise that 
successful management of PES schemes for watershed management can better be 
achieved through effective collaboration among watershed actors in enhanced relevant 
decision making.   
Collaboration and decision making in watershed management are complex processes. As 
the world witnesses advances in technology, effective achievement of collaboration and 
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decision making in watershed management requires the identification of appropriate 
technologies and their application in changing watershed management environments. In 
addition, internal and external drivers for collaboration and decision making among 
stakeholders are needed to balance biophysical and socio-economic concerns of 
watersheds. From literature and the author’s own experience, information communication 
technology has had a paradigm shift and influence on watershed management. ICT has 
enabled data acquisition, data utilization and data sharing and so allowing watershed 
stakeholders to access more information relating to management decisions in watershed 
management.   
As an active actor in watershed decision making, the author has realized that, related 
decision making challenges need support in terms of access and collection of relevant 
watershed information. Based on this experience, the research idea was conceived and 
the Payment for Ecosystem Decision Enhancement Studio (PESDES) was designed, 
implemented and evaluated. PESDES is based on the continuous interaction of inter-
related processes of watershed management in relation to three major perspectives of 
decision enhancement studio (i.e. people, processes and technology). Further, PESDES 
is an ICT based platform that provides an interactive environment among watershed 
stakeholders for improved collaboration and enhanced decision making in watershed 
management. This research makes a contribution to both practice and theory in watershed 
management.  
In this study, a PESDES artefact has been designed such as to contain issues that matter 
most in the PES scheme. The actors’ guide presented in the PESDES is designed as a 
recipe to enable PES scheme actors to enhance collaboration and decisions. These steps 
include initiating and completing registration, raising awareness on PES issues and 
identifying roles and responsibilities among watershed actors. In addition, PESDES 
presents a mechanism for compensating land managers as well as modalities for engaging 
them in environmental conservation. These services can be obtained through navigation 
of the various suites and sub-suites of PESDES.  
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The author’s strong desire and passion to pursue studies leading to a PhD after retirement 
from Government service is rooted in his aspiration to contribute solutions that would 
address water shortage challenges in Tanzania.  
This study would not have been successfully accomplished without the guidance of 
Almighty God. In addition, in conducting this study, a number of people contributed 
towards its completion in various ways.  It is difficult to name them all.  However, I would 
like to remember and acknowledge the support of my promotors, family, friends, 
colleagues, former employer and institutions from whom substantive support was 
obtained. I am greatly thankful to them all.  
My special gratitude is due to my main promotor, prof. dr. Henk G. Sol, for his tireless 
encouragement, patience, motivation and honest guidance and compassionate advice 
about my aspiration. From him, I gained methodological approaches and background 
knowledge that helped to focus the study to its completion. Prof. Henk mobilized the 
needed resources that were required for the various levels of the study. Henk’s wife, 
Jacqueline, was especially friendly and generous and greatly supported me morally during 
my research visits to Groningen.  
From my promotors, I have learnt several research philosophies and methods, focusing 
on design science, abductive reasoning and ‘ways of’ framework, all of which have 
expanded my scope of thinking and expertise. I am also thankful to all the staff of the 
University of Groningen as a whole, and in particular, those from the Faculty of 
Economics and Business for providing me with working space, facilities and resources 
during my first and subsequent visits to the University.  
On the same note, I extend my sincere gratitude to prof.dr.ir.T.S.A. Mbwette, of the 
University of Dar es Salaam, for accepting to be my second promotor. I greatly appreciate 
his guidance which helped me to focus the research problem as well as for his unwavering 
encouragement during this study.  
I also wish to acknowledge the financial support received from the Government of 
Tanzania through NEMC and the World Bank. In a special way, I thank the management 
and staff of the Institute of Finance Management (IFM) in Tanzania for providing me 
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with the initial opportunity to meet with my promotors during my participation at the 
institute’s PhD colloquium. I thank prof. dr. Thadeo Andrew Satta, prof dr. Godwin 
Mjema and dr. Jim James Yonazi for their encouragement, guidance, inspirations and 
logistical support during this study. Similarly, I wish to extend my appreciation for the 
support I received from the Open University of Tanzania (OUT) through prof.dr.ir. T.S.A. 
Mbwette. Also, the comments from the OUT Higher Degrees Academic Panel were very 
useful in guiding the completion of the study.  
I was also able to meet distinguished scholars including prof. dr. Rubera Matto and 
prof.dr. Robert Kiunsi of Ardhi University, prof. dr. Faustin Kamuzora, Permanent 
Secretary, Vice President’s Office, colleagues at NEMC, particularly the late dr. Robert 
Ntakamulenga, whose stimulating discussions enthused me and greatly guided my 
research. I thank them all.   
I am also grateful to my colleagues in the PhD journey, Abubakar Rajab, Samwel 
Gwamaka, Macarius Lalika and Gody Sanga with whom we always openly shared and 
encouraged each other in research. Thank you for your good ideas and support. 
Likewise, I wish to extend my appreciation to respective conservers, buyers and 
regulators of Wami/Ruvu and Pangani water basins as well as concerned experts for their 
commitment, knowledge and resources that were vital for the completion of this study. 
My special gratitude to the Wami/Ruvu Basin Water Board for providing me the 
opportunity to conduct the instantiation and evaluation before the stakeholders’ workshop 
they organized and where I was able to share my research with relevant stakeholders.   
I thank my research assistants Horace Owiti, Salmon Isayiah, Paul Martin, Tumaini 
Cheyeka and Mark Mayalla who worked with me tirelessly during the course of this 
study. In addition, Mark Mayalla was instrumental in providing the ICT support for the 
design of PESDES, supporting the software development of PESDES web-based system 
and implementation. Furthermore, I thank Mr. William Sabaya, former CEO of Tanzania 
Commission for Universities (TCU) for editing this work.   
In a special way, I thank my family members who missed my valuable support during my 
absence from home for this study. It is in this light that I dedicate this work to them in 
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their own names and include Elphas, Emmanuel, Philip, Salvatory, Macha and my 
beloved granddaughter Perus. At the time of the study, Elphas, Emmanuel, Philip and 
Salvatory were in university. I thank all of them for their support, guidance, patience and 
tolorance. I thank God for His blessings and for keeping me healthy all along and after 
this study. My brothers and sisters encouraged, supported and challenged me to fulfill my 
dream. You all deserve my many thanks.   
I am deeply grateful to my wife Belina Anyango Abiero. I would never have 
accomplished my PhD with the demanding roles of a CEO of a public institution without 
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throughout the course of this study.  
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CHAPTER 1: WATERSHED LANDSCAPE 
The purpose of this chapter is to introduce the research work; describe its relevance and 
importance on management of water resources which are under pressure and growing 
scarcity worldwide. Notably, governments are currently striving to promote effective 
management of water and watersheds in order to meet anticipated requirements in the 
near and distant futures. This research recognizes the importance of a paradigm shift 
from traditional systems based on command and control to an incentive based system 
with major drivers on economic viability, stakeholders’ participation and use of modern 
and emerging technologies in water and watershed management. This shift brings a 
significant change in watershed management. The focus of the study was to address 
watershed management challenges through application of Information and 
Communication Technology (ICT) in facilitating implementation of Payment for 
Ecosystem Services (PES) initiatives in watershed management. This chapter discusses 
the trends in water governance and watershed management systems and points out the 
challenges faced by watershed management personnel thereby leading to the selected 
research problem. The chapter also identifies and discusses the research problem and 
presents the relevant research questions and research approach. The chapter concludes 
with a presentation of the thesis structure. 
1.1 Background 
As populations grow worldwide, water scarcity becomes a complex concern and 
managing human participation in watershed activities pose challenges to governments 
globally (UN World Water Development Report, 2009; MEA, 2005; World Resources, 
2000-2001; UN/World Report, 1997; UN/FAO, 1995) regionally (Kaczan and Ward, 
2011; Hirji et al, 2002; Gleick, 2000) and nationally (URT/VPO, 2014; NAWAPO, 2002; 
NEP, 1997; CARE and WWF, 2010/12).  In Tanzania, the water supply coverage is 86% 
and 57% for urban and rural areas respectively (NAWAPO, 2002, URT/VPO, 2012). 
However, this proportion varies considerably by the country’s administrative regions. 
The growing scarcity and human demand, for water grows along with depletion of natural 
resources (Drankenberg et al., 2016; URT/VPO, 2014; Hirji, 2001; World Resources, 
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2000-2001) and the threats emanating from climate change (URT/VPO, 2014; 
URT/VPO, 2012; URT/VPO & DID/UK, 2011; Gereta and Roskaft, 2010; WWF, 2006). 
This concern is sparked by the sense of urgency to radically address the degradation of 
watersheds (URT/VPO, 2014; Rajagopalan, 2011; NAWAPO, 2002; NEP, 1997) and 
recommend interventions to address the growing degradation in watersheds. Water and 
watershed management continue to face acute need for all actors in watershed 
management to agree on collaboration arrangements, participation in management and 
pertinent decision making processes (FAO, 1994). But before one can define the type of 
facilitation required one need to know how these functionalities are constructed in order 
to appropriately incorporate the needs and wants of the actors (stakeholders), and so 
provide information and tools that can enhance decision making and effective 
collaboration for effective management of watersheds. These two factors indicate the 
barriers to be addressed if stakeholders are to be enabled to play better roles in watershed 
management. 
The need for collaborative decision making and use of modernized systems is emphasized 
in this study because the traditional systems in water and watersheds management did not 
effectively incorporate these aspects in the past (Pahl-Wostl et al, 2006). Further, there is 
a growing body of literature that presents more and more voices describing the need for 
radical change and paradigm shift from command and control to incentive based decision 
making systems in water and watershed management (Huberman, 2008). (FAO, 2013, 
Huberman, 2008; World Bank, 1997) describe that an incentive based paradigm shift 
should include increased attention to economic viability, involvement of interested and 
influential stakeholders in decision making, application of new technologies with a focus 
on digital service operating models, equitable and reliable compensations of conservation 
efforts and livelihoods that are directly linked to natural capital assets. Further, (Lopa et
al, 2012) argue that these factors can best be realized through strengthening local actors’ 
capacity to manage agricultural land and allied resources.  
(Wunder et al., 2008; Huberman, 2008; Corbera et al., 2007) note that the old paradigm 
relied on “people” or “community” participation, and bottom-up participatory planning. 
This presented several watershed management shortfalls in Brazil, India, Indonesia and 
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Switzerland. From the above viewpoint, (Lonze, 2014; Msuya, 2010; Msuya and 
Kideghesho, 2009; John, 2006; Pagiola, 2004; NAWAPO, 2002) stress on the need for a 
new modality of a new paradigm which emphasizes implementation modalities of 
watershed activities that use the “light” institutions such as watershed management fora, 
consortiums and associations, with programs and authorities playing facilitating and 
subsidiary roles. 
In this study, use has been made of the above provisions of the characteristics, drivers 
and implementation modalities of the new paradigm in defining the scope of this research 
(Cole, 2012; Wunder et al., 2008; Huberman, 2008; Corbera et al., 2007;John, 2006; 
Pagiola, 2004). In the new paradigm, when stakeholders are stimulated and facilitated to 
actively collaborate, they enhance their engagement in watershed activities, and are 
therefore, enabled to contribute towards the realisation of more sustainable watershed 
flows (Msuya, 2010). (Summerville, et al., 2009; Wunder et al., 2008; Engel and Palmer, 
2008; Corbera et al., 2007; Pagiola, 2004) describe Payments for Ecosystem Services 
(PES) as a contemporary approach which involves voluntary transactions and 
contractual agreements between two trading parties; i.e. supplier and buyer facilitated 
by governments and program cluster groups. It is the practice of offering incentives to 
farmers or landowners in exchange for expert management of their land to provide 
ecological service.  
The ecological service (ES) presents a variety of vital goods and services that contribute 
directly and indirectly to human welfare (Smith et al., 2013; Ndwetewio et al., 2013; 
Jack, 2010; Darghouth, 2008; Mwanyoka, 2005; Zahabu, et al., 2004). (CBD Secretariat, 
2010; MEA, 2005, Wunder, 2005; Pagiola, 2004; Huberman, 2008; Constanza et al., 
1997) define ES as benefits that people derive from ecosystems, in the form of direct 
service (i.e. often called provisioning services e.g. food and water, or regulating services 
e.g. control of floods, erosion and water filtration) or indirect service such as those 
associated with ecosystem processes in the form of nutrient recycling, pollination, soil 
erosion control, and photosynthesis. Though ES are valuable and important, they are 
traditionally viewed as free benefits to the society (i.e. public goods) and their value is 
often underestimated (USDA, 2015; Lalika, 2015; Liu et al., 2010; Hirji et al., 2002; 
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Polasky, 2011). This fact poses a management challenge; where the society may hold a 
strong inclination that ES are free and are God given but seldom pay attention to 
conservation, which influences the delivery of ES (Lalika, 2015; USDA, 2015; Aerni, 
2015; Buechner, 2014; Nagendra and Ostrom, 2012; Jack, 2010; Kerr and Jindali, 2008; 
Pagiola, 2004; Hardin, 1968). (Alfredo et al., 2013; Pagiola and Platais., 2007; Wunder, 
2005;  Pagiola et al., 2002) argue that by  assigning monetary value to ES, sufficient 
incentive to market players will be created to protect trade and increase investment in ES.  
From these viewpoints, PES models view the environment as a stock of natural capital 
that provides flows of ecological services (ES). Payment models that transfer accruals 
from those who benefit from a service (buyers) to those who provide it (sellers) are 
becoming a popular policy tool for the protection of ecosystems in many watersheds 
worldwide (Engel and Palmer, 2008; Corbera et al., 2007; Pagiola, 2004). However, these 
models are still at nascent stages (Lalika, 2015; Ndelwa, 2014; Summerville, et al., 2009; 
Wunder et al., 2008). Arguably, despite the global experience, lessons learned in the 
recognition of PES schemes by governments (Wong et al., 2015; Polasky, 2011; Greiber, 
2009; Wunder, 2005; REDLACH, 2004), show that the scheme still lacks information on 
how best to implement the initiatives and their efficacy in guiding conservation of 
watersheds. Further, additional information and knowledge is required to guide human 
and social factors (institutionalization and legal actions) in responding to this paradigm, 
including best mechanisms for attracting practitioners to effectively engage in the PES 
programs for watershed management (Engel, Pagiola and Wunder et al., 2008; Postel and 
Thompson, 2005).  
Apparently, from the discussion above, the author realized that an effective PES model 
is crucial in order to enhance delivery of ES such as water flows. Effective delivery of ES 
(e.g. increased water flows) requires an efficient PES scheme design (i.e. arrangements 
and processes) in order to facilitate stakeholders’ collaboration in the watersheds 
intervention arrangements. Nonetheless, the efficacy of this model, needs better strategies 
that are supported with technological applications that are incentive-based as well as 
sanction-based, to encourage and foster compliance among actors participating in the 
execution of the agreed watershed activities. 
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1.2 Water Resource Management 
(World Bank, 2017; Drakensberg et al., 2016) assert that the rapid rises of global 
populations, the need for more domestic and municipal services and productive activities 
such as agriculture, energy production and industry processes, are placing more pressure 
on the world’s limited water and other resources. (FAO, 1994) underscores the 
importance of water resources in all usages and services suh as for removal of effluents, 
sanitation and for drinking. Demands from all these needs areas are mounting and 
competing with one another. The United Nations also states that, some regions of the 
world are now in a perpetual state of demand for water outstripping supply (UN Water, 
2008). (UNDESA, 2014; URT/VPO, 2014; Gereta and Roskaft, 2010; Mheto et al., 2006) 
also argue that drivers such as climate changes are aggravating the stress on water 
resources. Therefore, due to increasing water scarcity, most governments are now 
compelled to address this challenge through more effective water resource management 
systems.  
(UNDESA,2014, NAWAPO 2002; Hirji et al., 2002;) state that traditional and 
fragmented approaches are no longer viable and a more holistic approach to water 
management,  currently referred to Integrated Water Resources Management (IWRM) 
has been globally agreed for and adopted. (URT/WRMA, 2002; GWP/WWAP, DHI 
Water, 2009; NAWAPO, 2002) define IWRM  as a process which promotes the co-
ordinated development and management of water, land and related resources in order to 
minimise the resultant adverse effect on economic and social welfare without 
compromising the sustainability of the ecosystems. IWRM presents the new paradigm 
shift in water resources management that also incorporates collaborative decision making 
and modern technologies. (Erdogan, 2013; GWP, 2002; Hirji et al., 2002; Chiuta et al., 
2002; Water Resource Institute, 2001) elaborate further that IWRM processes require 
application of modern technology, collaborative decisions and equitable participation 
such as to ensure sustainability of water resources in watershed ecosystems.
Consequently, IWRM has indisputably become one of the mainstream initiatives 
discussed by governments around the world with emphasis on basin-wide management 
(i.e. watershed) contexts, under the principles of good governance and public 
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participation. Nevertheless, the major challenge of IWRM remains to be its effective 
application and implementation in the field (Rahaman & Varis, 2005).  
In Tanzania, water resources are regarded as a public resource regulated by Government 
authorities. (WRMA, 2002; NAWAPO, 2002; Mutahaba and Balogun, 1992) require that 
water resources should be managed by the ministry responsible for water affairs. The 
increasing demand and declining flows of water prompted a call for more comprehensive 
and integrated approach to water resource problem-solving. (Lonzel, 2014; NAWAPO, 
2002; Hirji et al., 2002) recommend IWRM approaches at the basin level with emphasis 
on Water Users Associations (WUAs). WUAs are the lowest levels of management in the 
water management institutional framework (NAWAPO, 2002). WUAs comprise of local 
Government authorities, non-governmental organizations, non-profitable entities and 
groups of farmers located along one or several water source canals (Ndelwa, 2014). 
WUAs pull together their financial, material and technical resources in order to improve 
the productivity of water and its allied resources.  
Despite the strong advocacy for the adoption of light institutions as the new water 
management paradigm, the approach has had weak capacity and poor governance.  
(Lalika, 2015; Ndelwa, 2014), note that database capacity that supports technological 
interventions for decision making in the water sector has been lacking. Therefore, while 
the lowest level institutions participate in decision making; they are often at the periphery 
of the water management agenda.  The aforesaid challenges impinge on the management 
of water resources and have resulted in improper allocation and use, inadequate 
conservation efforts and poor control of water resources. 
(Leigh, 2016) argues that there is a growing body of literature that describes data-driven 
business and roles of digital systems as embedded in IWRM in water resources 
management. This has the potential to radically transform the way water and water 
infrastructures are understood and managed to improve the quality and speed of relating 
decision making. Further, (Krishna, 2008) points out that telecommunications and 
pertinent networks are crucial for the success of the water sector in improving 
stakeholders’ engagement. From this argument (Leigh, 2016 and Krishna, 2008), assert 
that it is optimally clear that PES as an IWRM approach requires infrastructure 
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development, modern and futuristic technologies and information management capacity. 
These embrace the application of innovative technology tools to interpret and analyse 
large amounts of data in supporting engagement approaches to watersheds management, 
decision making and marketing strategies for the commodities to be produced and to 
promote them from livelihood activities of the people. To deal with these complex and 
interlinked water challenges, countries need to improve the way they manage their water 
resources and associated services (World Bank, 2017). The scope for this study therefore 
embraces the working definition of IWRM and its approaches which emphasize a unified 
achievement of collaboration and participation of the lowest level institutions such as 
WUAs. These aim at finding the best ways to enhance relating capacity in data and 
technological management such as to foster effective decision making and all-
encompassing stakeholders’ participation in water resource management. 
1.3 Watershed Management
Watersheds
The lowest management unit for water resources starts at the watershed level. This is the 
basic unit for evaluating the integrity of the ecosystem and relating organizations in both 
the public and private sectors which have enthusiastically embraced a watershed approach 
in protecting and preserving the quality of surface water and groundwater (NAWAPO, 
2002; Song and M’Gonigle, 2001). Watershed is defined as the area of land that drains 
or sheds water into a specific receiving water body, such as a river or a lake (Wani et al., 
2008; Kerr, 2007; Mazvimavi, 2002). (Mazvimavi, 2002; Imperial and Hennessey, 2000) 
refer to a watershed as a complex system comprising several interconnected systems of 
collaborative governance with participants’ involvement and characterized as the smallest 
water resources management unit where various actors interplay for the water 
conservation activities. (Grigg, 1998) argues that basically, IWRM integrates actions and 
objectives favored by different players in order to achieve the best total results within a 
watershed. 
There are nine watersheds in Tanzania organized in what has come to be referred to as 
nine hydrological zones or water basins. These are further organized into sub-basins each 
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with sub-watersheds and so providing a wide range of goods and services (NAWAPO, 
2002). (URT/WRMA, 2002) recommends that IWRM approach such as PES schemes are 
the best for watersheds management in Tanzania.  
Watershed Management
(MEA, 2005; CARE and WWF, 2010/12) indicate that nearly two-thirds of global 
ecosystem services are decreasing at an unprecedented rate. Specifically, 60% of the 
global ecosystem has persistently degraded. (Dorghout et al., 2008; Moyo and Mtetwa, 
2002) also argue that there is persistent degradation of the ecosystems globally. Thus 
Governments need to institute and implement watershed management approaches with 
the aim to ensure sustainable development and management of water resources.  
(Erdogan, 2013) states that the new paradigm shifts of watershed management involve 
three fundamental attributes. These include; i) scientific visibility, ii) social feasibility 
and iii) motivational feasibility.  According to (Chess and Gibson, 2001) social feasibility 
encompasses public communication and engagement that is getting stakeholders involved 
and engaging their inputs in meaningful ways. Further (Chess and Gibson, 2001) advocate 
that, social feasibility is an essential element in collaborative approaches to watershed 
management, such that if one is missing within a watershed, then significant efforts may 
be required to build new social capacity to compensate for the resulting limitation. This 
study argues that, water PES requires  a collaborative platform to allow watershed 
stakeholders to negotiate, define, and guarantee among themselves a fair sharing of 
management functions, entitlements and responsibilities for a given set of tasks in 
watershed management (Erdogan, 2013; Borrini-Feyerabend, 2000; Hennessy, 2000). 
Stakeholder involvement in watershed issues has gained momentum in recent years due 
to the rising need for water quality in the country (Hirji et al., 2002; NAWAPO, 2000). 
(Kerr, 2007; Hirji et al., 2002; ESA, 1995; Cortner and Moote, 1994) argue that in recent 
years, integrated ecosystem-based approach to natural resources has and continues to 
receive growing support from practitioners and researchers. IWRM and basin authorities 
strive to create arrangements for collaboration and innovation by facilitating dialogue 
among water stakeholders. In addition, (Erdogan, 2013; NAWAPO, 2002; Hirji et al., 
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2002; Hennessey, 2000) point out that watershed management is a multi-actor process 
with limited political orientations that focus on finding ways to get the range of the actors 
and program to work together in a manner that adds public value. The author noted that 
existing settings at lowest level institutions are ill-equipped with infrastructure to 
facilitate collaboration and dialogue among actors in watersheds, thus prompting a need 
to address these limitations. Further, (Erdogan, 2013; Hirji et al., 2002) argue that 
individual farmers rarely participate in IWRM initiatives, because of its newness and 
institutional features are not well understood among stakeholders, hence leading to slow 
adoption of (IWRM) practices. It is therefore noted that users’ limitations could seriously 
hamper the implementation and achievement of the desired goals. Thus, the limitations 
need to be addressed by facilitating individual actors such as conservers with adequate 
information and guidance on applicable concepts and technologies.   
Therefore, in this study the author focuses on how best to effectively facilitate and engage 
the broad range of stakeholders in watersheds activities, which is to enhance their 
collaboration and execution of their roles, responsibilities and decision making in relation 
to watersheds. The study also focuses on pursuing contemporary approaches that use 
technological and innovative systems in governing collaborative and participatory models 
involving diverse groups (Reid et al., 2011). This also prompts the need to explore new 
mechanisms and tools to facilitate effective engagement of stakeholders through ICT 
based techniques and applications (Tim et al., 2003). Specifically, the researcher aimed 
to find out stakeholders’ needs and wants to help them change their mindsets from being 
passive actors to more active actors in the implementation of PES scheme activities.  
1.4 Watershed Governance 
(World Bank, 2017, Hirji et al., 2002, NAWAPO, 2002) point out that most countries are 
placing unprecedented pressure on water resources due to increasing scarcity of the 
resource; and hence the need to address the challenge of watershed governance. (World 
Bank, 2013; Lennart, 2004; Kanie and Haas, 2004) argue that good governance is 
essential for effective water resource management but it receives less attention than it 
merits. (World Bank, 2013; Backher, 2013; Medalye, 2008; Bakker, 2003; GWP, 2003) 
define water governance as the process of decision making by which the decisions are 
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implemented in a range of policy processes, technological models, and institutional 
administrative processes through which communities articulate their interests, their input 
absorbed, decisions are made and implemented for improved development and 
management of watershed services.
(Lalika, et al., 2015; URT/VPO, 2013; URT/VPO, 2008) argue that in Tanzania, the 
fragmented governance model that focuses on resource allocation is still in use. Further, 
(URT/VPO, 2013; LRAG, 2008; NAWAPO, 2002; Gleick, 2000; Falkenmark, 1993) 
present the watersheds in Tanzania that are not effectively governed. This is evident from 
the degraded watersheds. The watershed experiences the challenge of reduced capacity 
and the inability of the Government to manage everything on its own (Tasker-brown, 
2010). The big range of actors causes inter-organizational watershed governance 
challenges that require collaborative models (LRAG, 2008; Cronkleton et al., 2005). 
Shifts need to occur in the way decisions are made towards integrated and more inclusive 
models. (Warner, 2006; Shorter & Winter, 1999; Gray, 1989) observed that power 
imbalance between the organizational actors involved have been noted in collaborative 
governance. (Lalika, et al., 2015) argue that the organizational actors do not have the 
capacity and resources to participate on an equal footing. Furthermore, (Warner, 2006; 
Shorter & Winter, 1999; Gray, 1989) on their part argue that since stakeholders do not 
have the capacity, status or resources to participate on equal footing with other 
stakeholders, the collaborative governance process will be prone to manipulation by 
stronger actors. Therefore, there is the need to have a mechanism that will track each 
stakeholder’s profile and involvement in watershed interventions. 
(Mbeyale, 2009; Luke, 2007; Turner, 2005; Sithole, 2002; Michaels, 2001) assert that a 
successful watershed governance employs effective collaborative arrangements and 
participatory management with emphasis on understanding power relations, employing 
integrated solutions, recognizing the authorities of multiple agencies and jurisdictions and 
building on expertise and resources across sectors. (Thompson, 2011; Ngana et al., 2010) 
argue further that, understanding of the concerns of the stakeholders will help to define a 
way to better engage and communicate with them so that the negative impact of their 
intervention can be minimized.  Thus, the watershed stakeholders need facilitation in 
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terms of communication channels and data processing management as well as and 
mechanisms for defining and distributing tasks among actors and facilitating policy 
adoption processes, guideline and modalities for engagement of stakeholders in 
watershed management.  
Challenges of Watershed Management  
Maintaining proper water quantity and quality condition is a challenging task and it is an 
ongoing global concern in watershed resources management (Erdogan, 2013). The world 
view regarding water and watersheds management aims at transforming management 
systems from the old paradigms to the new paradigms. Tanzanian Government is 
embracing a paradigm shift towards the IWRM model in the watersheds management 
(NAWAPO, 2002). PES schemes have been tried at pilot scales for better watershed 
management in Tanzania. However, the design aspects of PES schemes, as defined below 
face a number of operational challenges that prompted this research. (Smith et al., 2013; 
Corbera et al., 2007; Wunder, 2005; Pagiola et al, 2003; Sommerville et al., 2009) define 
a PES scheme as an intervention to improve the provision of valuable environmental 
services through incentives based land management practices to address watershed 
management challenges. The authors classify PES scheme into three types namely; public 
payment schemes, private payment schemes and public-private payment schemes. Some 
of the challenges are discussed in the following sections with respect to PES scheme 
design efficacy and implementation status in Tanzania. 
Policy, Legal and Institutional setting   
(GWP, 2008; GWP, 2009) point out that policies and laws create a basis for the 
establishment and operation of the institutional set-up for watersheds management. 
However, bad policies delimit ecosystem activities.  Apparently, PES has not been legally 
integrated in the policies and laws of Tanzania, but it is mentioned in some sectoral 
policies and laws such as forestry and water. Therefore, implementation of PES in 
watershed management currently does not have clear guiding policies and laws (Kazcan, 
2011). In addition, existing institutional set-ups show characteristics of diffused legal 
provisions (Kabudi, 2005). The approaches used for watershed management in Tanzania 
face challenges which include: unclear institutional and legal systems and inefficient 
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bottom-up participatory planning (Mwanyoka, et al., 2012; Lopa et al., 2011; Kazcan, 
2011). The challenges discussed above may delimit the effectiveness of PES schemes in 
watersheds interventions (GWP, 2009; GWP, 2008; Mutahaba and Balogun, 1992). 
Involvement of indigenous communities in decision making 
Many watershed interventions in the past rarely involved indigenous community resource 
baseline and indigenous knowledge (IK) (Cheserek, 2008). Nonetheless, collaborative 
arrangement for the involvement of indigenous communities in IWRM initiatives is a 
practical concern even though, the process is poorly understood in governing a networked 
setting (Mandel, 1990). Apparently, (Msuya and Kadeghesho, 2009; NAWAPO, 2002) 
emphasizes the importance of involving indigenous communities in watershed 
management. Despite the legal requirement, it is evident that collaborative mechanism 
for the indigenous communities is still lacking and need to be put in place. (Lopa et al., 
2012; CARE & WWF, 2007) emphasize that a collaboration mechanism for the 
indigenous stakeholders is an important factor in planning of watershed management 
interventions.  Irrefutably, better ways of involving indigenous communities in 
watersheds decision making need to be established. 
Engagement of the IGs in the PES design
Intermediary Groups (IGs) are the technical arms of watershed stakeholders, who are 
responsible for the articulation of all technical matters in watershed interventions. The 
IGs’ specific duties include; i) to develop a platform of the actors in watersheds 
management, ii) to prescribe clear roles and responsibilities of parties involved, and iii) 
to ensure a close link of the parties with the government. (Lopa, et al., 2013; Kanuni, 
2013; Joshua, 2013; CARE & WWF, 2014) observed that the piloted PES schemes in 
Tanzania were both poorly governed and poorly monitored by IGs due to weak 
coordination, lack of collaboration mechanism, and inadequate mechanism to ensure 
equity and fairness in compensation. Conclusively, the researcher realized that the role of 
the IGs is a crucial factor for successful implementation of PES schemes in watersheds 
(Magigi, 2012; Mishra and Soota, 2011; Chikati, 2010, Carrol, 2009; Lockyer and 
Gordon, 2005; Jay, 2003). Further, watershed stakeholders require clear roles and 
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responsibilities for all parties involved (Lopa et al., 2012). This study therefore, focuses 
on searching for mechanisms for effective engagement of IGs in PES activities.  
Application of technology  
Watershed interventions worldwide, seek to adopt paradigm shifts, which are technology-
based (Pahl-Wostl et al., 2006). (John, 2006) argues that watershed management would 
work better if stakeholders fully integrate social media monitoring and social media 
communication channels. Watershed interventions should design models to apply 
computers and software systems to organize their data, keep track of transactions with 
third parties and to improve the quality of decisions made throughout the management 
processes (Tumwebaze, 2016). Apparently, the use of ICT has not yet been widely 
adopted in watershed management in Tanzania (World Bank, 2008). It was observed that 
the impact of limited applications of ICT in watershed interventions include lack of trust 
in operational records, poor data storage and application, delayed communication and 
decisions on relevant issues pertaining to watershed interventions as well as lack of 
enhanced transparency. This study aims to design modalities that would ensure effective 
application of technology in watershed management interventions. 
Monitoring and Evaluation 
In many watershed interventions, monitoring for compliance has been the task of funding 
agencies. In this study, Monitoring and Evaluation (M & E) requires input from all 
stakeholders participating in watershed schemes (Magigi, 2014; Jay, 2013; NAWAPO, 
2002; Sapru, 2004). Weak participation of stakeholders in monitoring of PES activities is 
evident in Tanzania’s PES pilot schemes. In these pilot schemes, monitoring and 
evaluation has not been effectively ensured leading to poor collection of information 
relating to performance of the projects. In addition, a number of stakeholders from PES 
initiatives have been demoralized and eventually pulled out from the project activities 
(Lopa et al., 2011). (Pattanayak et al., 2010) argue that the networked multidisciplinary 
interventions of watershed management monitoring have never been effective enough 
and data has always been insufficient to measure and evaluate the impact of interventions.  
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This type of weakness has also been observed in PES interventions, and has hampered 
decision making processes (Lopa et al., 2011). (NAWAPO, 2002) presents that 
monitoring and Management Information Systems (MIS) within the water sector are 
weak in Tanzania. In addition, storage and dissemination of information received is 
inadequate. In many cases, information and reports are kept in paper files. Hence, the 
Government is committed to implementing a technological paradigm shift towards 
computerized systems to strengthen M & E functions in the water sector. In recognition 
of the importance of involving more actors in M & E, actions are now underway that 
would facilitate engagement of all M & E watershed actors in providing feedback on all 
activities pertaining. 
The Business Case 
The PES business model is clearly a practical concern. The integration of policy, legal 
and institutional aspects are crucial to the design as discussed in previous sections. The 
PES experience in Tanzania has faced a number of challenges that include; PES scheme 
lacking legal back up to guide voluntary transactions, inability of sellers to assure delivery 
of ecosystem services to buyers in time in terms of fairly estimated water quantity and 
improved water quality, and delayed compensation of the ES delivery which is therefore 
viewed by sellers as a cause for low payments. Other challenges include forfeited 
opportunity cost which was neither fairly estimated nor fairly paid and lack of land 
ownership. These challenges caused reluctance among players to participate in the 
interventions and consequently leading to poor implementation of the PES business case 
(Leigh, 2016; Blomley, 2012; Lopa et al., 2011; Krishna, 2008; Tatge, 2008; Trends and 
Group, 2008). It is important therefore that PES actors are supported in order to ensure 
adequate considerations of aforesaid factors in implementing PES scheme in watershed 
interventions. The study further aimed to develop guidelines, working modalities, 
mechanisms for enhanced collaboration and technological innovations all with the view 
to facilitating PES players to trade with ease alongside clarity on issues that have been 
observed in the past as hindrances.   
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PES and Information and Communication Technology (ICT) 
The PES stakeholders experience complex interactions which pose operational challenges 
in its schemes. These operational challenges pose doubts in the quality of the decisions 
that are made. To make the right decisions, actors in PES schemes need access to the right 
information at the right time. For this to happen, there is a need to have ICT that protects 
data as an asset (Lalika, 2015; EAMCEF, 2012). ICT is implemented with the purpose of 
improving the effectiveness and efficiency of the concerned system (Aregu, 2014; Hevner 
et al., 2004). The concept of ICT and particularly of Decision Enhancement Services 
(DES) is not new to solving complex problems (Keen & Sol, 2008). DES have been 
acknowledged by researchers and applied in solving complex problems in various fields 
including poultry farming (Tumwebaze, 2016); water asset management (Bekker, 2016); 
farming (Aregu, 2014); sourcing and sharing (Knol, 2013); and e-Governance (Yonazi, 
2010).  
These ICT systems have brought about efficiency in performance in automated networks 
for notifications and bills payment reminders. Further these systems have enhanced 
markets and delivery of ecosystem services through seller-buyer connectivity in real-time 
consumption data using internets or hand gadgets.   
(Fan-Chieh et al., 2007) point out that many telecommunication companies have designed 
innovative technology tools/appliances with ICT and enabled the application of multi-
channel customer services, sentiment analysis and social media communication with 
customer service operating models, customer retention and acquisition capabilities and 
mobile field service capabilities integrated with stakeholders’ services operating models 
to support field interactions. It is evident that many stakeholders have switched to digital 
channel communications and adopted the use of smart appliances and gadgets (Mysiak et
al., 2005). From the above discussions, it has been realized that the use of ICT e.g. digital 
channel communication; smart appliances and gadgets are increasingly becoming popular 
due to their merits pointed out in the previous sections.  
The researcher is confident that ICT appliances and gadgets, when properly integrated in 
the watershed management, are likely to produce good results. Therefore, the study also 
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aimed at developing mechanisms for integrating ICT in PES scheme operations based on 
the premise that ICT can be instrumental in facilitating PES scheme operations.   
1.5 Research Problem 
Based on the above discussion, it is apparent that, technological paradigm shifts have 
brought about several opportunities to watershed stakeholders. These opportunities 
include: (i) requirement for symmetric collaborative arrangements and information 
sharing among stakeholders in the PES schemes;  (ii) incentive systems which consider 
business case approaches where WUAs are mandated to control water resources 
allocation and collection of revenues; and iii) application of modern technologies to 
facilitate information sharing.  
These opportunities have not been effectively used by watershed stakeholders due to their 
failure to adapt PES schemes in the watershed field operations (Lopa et al., 2012; WWF, 
2012; Kwayu et al., 2012; UNEP, 2011; Savy & Turpie, 2004). These failures have 
resulted in: (i) unpredictable operational conditions of PES schemes leading to 
stakeholders drop out from the project as exemplified by Site A in Morogoro, which 
eventually collapsed; (ii) weak management approaches leading to conflicting interests 
among watershed stakeholders; and (iii) apathy among actors at project implementation 
level leading to some of them abandoning project activities. 
The operational challenges of the PES schemes discussed above caused unpredictable 
operational conditions coupled with weak management regimes which instigated apathy 
among actors. (Mwanyoka et al., 2012; Lopa et al., 2011; Kazcan, 2011) observed that 
implementation of PES schemes in Tanzania is largely characterised by unclear policy, 
unclear or lack of legal and institutional settings, weak involvement of indigenous 
communities and IGs in decision making and weak business arrangements. Apparently, 
it appears that these challenges are linked and aggravated by limited application of 
modern technologies, as well as weak M & E arrangements. Regrettably, little effort has 
been made to redress these unsupportive situations (Comair et al., 2014).  
While the Government seeks innovative ways of supporting watershed management 
(Mwanyoka et al., 2012), the stakeholders’ decision making capabilities are hindered by 
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some of the challenges discussed above. The preceding discussion points out that in order 
to make PES schemes effective and contributory towards achievement of healthy 
watersheds, it is important to ensure that PES design aspects are integrated in field 
operations. (UNEP, 2011; Savy & Turpie, 2004) present that failing in the current PES 
schemes can be associated with flaws in their design. Unfortunately, many practitioners 
remain ill-guided on how PES schemes can be effectively actualised in field operations. 
(Cole, 2012; WWF, 2012; Mayrand & Paquin, 2004) argue that the science of PES is still 
rudimentary, but can be an effective tool if the concept is well understood including how 
it works. Therefore, deliberate efforts are needed to make PES schemes work efficiently 
in watershed management. (URT/VPO, 2014; NAWAPO, 2002; Hirji et al., 2002) state 
that watershed flows are gradually degrading and their impacts are unequivocal. 
Watershed degradation must be addressed because if left to continue unattended, in the 
long run will make it difficult for Tanzania to achieve economic development targets. 
1.6 Research Questions 
Operational challenges and associated failures have been actualized in PES schemes in 
the field operations for watershed management. The challenges were analysed and 
focused on the two key result areas. If these two challenges are addressed, PES schemes 
will be adoptable. The study defined the scope and focused on addressing issues 
associated with poor collaboration and weak application of ICT in managing PES 
schemes operational in supporting watershed management. It was noted further that, these 
challenges came out in prelininary literature review on the existing pilot PES schemes in 
the country. Furthermore, it is envisaged that the Government will adopt PESDES 
initiatives because of its advantages to watersheds management. Considering the above 
rationale, this intervention is important in order to ensure that PES schemes are practically 
used in enhancing watersheds management. This lead the researcher to the following 
overall  research question: How can PES schemes be effectively applied in enhancing 
watershed management in Tanzania using PESDES?
In order to provide definite direction, and guide a deeper investigation of the problem, 
the following specific research questions were developed: 
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i. What are the key processes involved in PES schemes and watershed management 
operations?  
ii. What factors influence stakeholders’ collaboration and decision making in PES 
schemes and watershed management operations? 
iii. How can one design a studio for stakeholders’ collaboration and decision 
enhancement for PES schemes referred to as PESDES for watershed management 
in Tanzania? 
iv. How can perceived usefulness and usability of the PESDES be evaluated?  
1.7 Research Approach 
A research approach defines how a scientific study is conducted in compliance with the 
underlying philosophy, strategy, research methods and instruments or techniques 
(Galliers, 1992). Following the philosophies of design science research and engaged 
scholarship and a strategy of Singerian inquiry in a pragmatist abductive framework, this 
research was undertaken to provide solutions to the identified problems. 
Research Philosophy
A research philosophy underpins key assumptions on how to perceive and acquire 
knowledge. Other researchers refer to this concept as “paradigm” (Trochim, 2006; 
Arunthari, 2005). (Willis, 2007; Cohen et al., 2006) argue that paradigms are models that 
are derived from a worldview or belief system about the nature of knowledge and its 
existence, which guides research and practice in a field. This study used the research 
philosophy of engaged scholarship (Van de Ven, 2007) and adopted the key principles of 
design science research (Hevner & Chatterjee, 2010). This choice was guided by the 
significance of both philosophies in addressing key challenges within the information 
systems discipline in a way that addresses the gap between practice and theory. Design 
science is a “research paradigm in which a designer answers questions relevant to human 
problems via the creation of innovative artefacts” (Hevner & Chatterjee, 2010). (Hevner 
& Chatterjee, 2010; March & Storey, 2008) assert that the creation and implementation 
of innovative artefacts in design science aim at enhancing the performance of human 
interventions and are significant in creating new insights.  
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Engaged scholarship is “a participative form of research used to obtain different 
perspectives of the key stakeholders namely; researchers, users, clients, sponsors and 
practitioners involved in studying complex problems” (Van de Ven, 2007). A relevant 
response to information technology failure to impact practice (Costello & Donnellan, 
2012); engaged scholarship expands the capabilities of scholars to study complex 
problems and to create the kind of knowledge that advances both science and practice 
(Van de Ven, 2007). The choice of engaged scholarship in this study was inspired by the 
need for action-oriented solutions to the problems faced by stakeholders in watershed 
management in Tanzania. 
With engaged scholarship, research is not a solitary exercise but rather a collective 
achievement. Watershed management is quite complex and this study engages many 
actors whose perspectives are relevant in the different activities with an aim of advancing 
fundamental knowledge in achieving impactful research outcomes. The stakeholders in 
mind include ES sellers or conserver, ES buyers or consumers, IGs Experts group, free 
riders, regulators, researchers PES practitioners and WUAs. (Henrickx, 1999) asserts that 
engaged scholars adopt a participant frame of reference to learn about and understand a 
subject through discourse with other stakeholders.  
Artefacts can be constructs, models, methods or instantiations (March & Smith, 1995). 
As constructs, they provide a formal representation of problems and solutions. As models, 
artefacts use constructs and abstractions to facilitate the understanding of problems and 
solutions. As methods, artefacts provide procedures for problem solving; and as 
instantiations, artefacts demonstrate the feasibility and effectiveness of solutions through 
implementations, prototypes and expert evaluations. The design artefacts are achieved 
through developing theories and artefacts, and evaluating these artefacts or theories to 
assess effectiveness and efficiency of the solution through simulations, experimentation 
and case studies. Information and communication technology artefacts can be seen as 
enablers of a business strategy and organizational infrastructure (Orlikowski & Barley, 
2001).  
Design science research in information systems involves the construction of a wide range 
of socio-technical artefacts such as decision support systems, modelling tools, 
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governance strategies, methods for information systems evaluation and information 
systems change interventions (Gregor & Hevner, 2013). The challenges identified in this 
study are linked to information and communication technology (ICT) failures, and 
leading to the development of an ICT artefact to impact practice (Costello & Donnellan, 
2012). ICT artefacts can be seen as enablers of business strategy and organizational 
infrastructure (Orlikowski & Barley, 2001). Examples are multi-channel customer 
services, sentiment analysis and social media communication with customer service 
operating models, customer retention and acquisition capabilities and mobile field service 
capabilities integrated with stakeholders’ services operating models to support field 
interactions. This study focused on designing and building an artefact for collaboration 
enhancement among watershed actors and further evaluating the artefact to ascertain its 
perceived usefulness and usability.  
Largely viewed as a problem solving philosophy, design science adds relevance and 
meaning to information science and business research, thereby bridging the practice-
theory gap that has largely characterised previous research (Holmstrom et al., 2009; 
Benbasat & Zmud, 1999). 
The design science research philosophy embodies three closely related cycles: The 
Relevance Cycle inputs requirements from the contextual environment into the research 
and introduces the research artefacts into environmental field-testing. The Rigor Cycle 
provides grounding theories and methods along with domain experience and expertise 
from the knowledge base into the research and adds the new knowledge generated by the 
research. The Design Cycle supports the aspect of research for the construction and 
evaluation of design artefacts and processes.  
Gonzales and Sol (2012) highlighted three epistemological choices available for design 
science research projects as positivism, interpretivism and pragmatism, with 
corresponding ontological positions. Epistemology is the study of knowledge while 
ontology is the study of being (Bryman & Bell, 2011). 
According to Stahl (2003), positivism is a research approach that is based on the 
ontological doctrine that reality is independent of the observer. Positivist researchers 
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believe that “the truth is already there” (Gonzalez & Sol, 2012; Wynn, 2000). Positivist 
approaches rely on experimental and manipulative methods; thereby detaching the 
subjective biases of the researcher and his/her objective reality (Cohen & Crabtree, 2006). 
The positivist paradigm mainly uses quantitative methodology and utilizes experiments 
and tests to enhance credibility (Taylor & Medina, 2013). The fact that positivism can 
only investigate phenomena that are already created has however faced wide criticism 
(Stahl, 2003).  
Interpretivism on the other hand gives an in-depth understanding of the research problem 
(Gonzalez & Sol, 2012) because both the subject matter and the researcher are actively 
involved (Nandhakumar & Jones, 2002)). Interpretivist researchers assume that “reality 
is socially constructed and the researcher becomes the vehicle by which this reality is 
revealed” (Andrade, 2009). Unlike positivism, interpretivism uses qualitative analysis. 
The interpretivist paradigm assumes a value-neutral stance and always implicates the 
researcher in the phenomenon being studied (Orlikowski & Baroudi, 1991). 
Interpretivism can also be related to the ontological position of relativism, which “holds 
that reality is a subjective construction of the mind” (Hirschheim, 1992). However, 
interpretivism has largely been criticized for lack of generalization (Lee & Baskerville, 
2003), which is often perceived as undermining the doctrine of science and rationality 
(Mingers, 2004). 
The essence of pragmatism is actions, which must be guided by knowledge (Goldkuhl, 
2012). Basically, pragmatism uses acquired knowledge as a tool for action and evaluates 
it to serve human interests (Cornish & Gillespie, 2009). “To a pragmatist, the mandate of 
science is not to find truth or reality, the existence of which are perpetually in dispute, but 
to facilitate human problem-solving” (Powell, 2001). Goldkuhl (2012) points out that 
pragmatism is associated with action, intervention and constructive knowledge. Unlike 
the interpretivists and positivists, pragmatists utilize a pluralist research in terms of 
quantitative and qualitative methods. Pragmatism has however been critiqued for lacking 
common philosophical standards for theory evaluation. According to Orlikowski & 
Baroudi (1991), “ambiguity of evaluation may be difficult for proponents of the dominant 
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research tradition to accept, given their experience with the relatively unambiguous 
criteria of positivism on what constitutes valid knowledge”. 
This research draws on the epistemological choice of pragmatism integrated with 
ontological realism. While epistemological pragmatism facilitates problem solving 
(Mingers, 2004), ontological realism facilitates appreciation of the underlying 
perceptions, theories and constructions that exist in the real world independent of the 
researcher’s ideas. 
1.8 Research Strategy 
A research strategy provides the overall direction of a research including the process by 
which the research is conducted (Remenyi et al., 2003). Research strategies are 
characterised by five inquiry systems: Leibnizian, Lockean, Kantian, Hegelian and 
Singerian inquiry systems (Amiyo, 2012; Lester, 2005; Sol, 1982; Mitroff, 1973; 
Tumwebaze, 2016). (Mitroff, 1973; Churchman, 1971) recasted theories of these 
inquiries and presented briefly that Leibnizian inquiry involves learning by using formal 
logic to make inference of the cause and effect impacting knowledge generated internally; 
Lockean inquiry involves learning by observing the world, sharing observations and 
creating consensus about what has been observed; Kentian inquiry involves a constant 
scan of the internal and external environment for purposeful knowledge; Hegelian inquiry 
claims that rationale alone is real, that is all reality is capable of being expressed rationally 
and Singerian inquiry provides the capability to choose among a system of measures to 
create insights and build knowledge. In this inquiry, when models fail to explain a 
phenomenon, new variables and laws are swept in to provide guidance and overcome 
inconsistencies.  Given the ill-structured nature of collaboration in watershed 
management in a complex and unpredictable environment in Tanzania, a research strategy 
was adopted based on Singerian inquiry in a pragmatist framework of abductive 
reasoning.   
While abductive reasoning is substantial because of its ability to generate hypothesis 
about the observations or with reasoning to the best explanation (Schvaneveldt & Cohen, 
2010), Singerian inquiry entails a constant questioning of assumptions (Lester, 2005), and 
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supports the web-internet and World Wide Web which are important factors to the 
pragmatist nature of this research. According to Wijnhoven (2013), Singerian pragmatism 
is an epistemology and ethical theory stating that the value of knowledge should be 
expressed in terms of how knowledge improves human interactions. This study indeed 
seeks to develop a mechanism for enhancing watershed management based on both 
theoretical and practical knowledge of the sector in Tanzania.  
Abduction is chosen because it entails creative thinking by engaging conservers and 
stakeholders in small group dialogues and discussions in order to generate possible 
solutions to watershed management problems basing on the knowledge and experiences 
of stakeholders. As (Schvaneveldt and Cohen, 2010) point out, an identified problem in 
research motivates a search for a solution; abductive reasoning in the case of this study 
guides the search for potential solutions after clear problem identification.  
This strategy follows five major stages of the research process: initiation, abstraction, 
theory formulation, instantiation and evaluation (Sol, 1982), as presented in Fig 1.1 and 
consequent description provided in Table 1.1.  
 
Figure 0.1:  Research strategy of Sol (Source: Sol 1982) 
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Table 0.1: Steps in the research approach  
Phase Description
Initiation In this study, initiation stage involves undertaking scoping, 
formulation and grounding of the research problem. The activities 
undertaken include pilot case studies, preliminary interviews and 
literature reviews. The output is a derived empirical description of the 
problem.
Abstraction Exploration undertaken to gain generic understanding of the problems 
studied. The activities undertaken include field exploration (e.g. visit 
to field study areas and observations, structured and semi-structured 
interviews, focused group discussions and analysis). The output from 
this step included generic understanding (i.e. requirements of the 
artefact based on the generalized problems to be solved).
Theory
Building 
Formulating an appropriate solution for the conceptualised problem. 
The output is a prescriptive conceptual model that is departing in 
orientation from problem formulation to problem solving and to 
formulate an appropriate solution for the conceptualised problem 
(Tumwabaze, 2016; Aregu, 2014). This is the design of PESDES.
Instantiation PESDES was operationalized in order to demonstrate its usefulness 
and usability in resolving the problems abstracted from the field. The 
output of this process is the empirical prescription of PESDES. In 
theory, an empirical prescription implies putting the conceptual 
prescription into practice (Van de Kar, 2004). PESDES is packed and 
deployed with suites and sub-suites of services.
Evaluation PESDES was subjected to testing to discern its perceived usefulness 
and usability (Keen & Sol, 2008; Davis, 1989). The usefulness and 
usability of the studio was tested and evaluated based on the PESDES 
and suites instantiation. Selected experts tested the perceived usability 
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and usefulness of PESDES and provided the feedback. The aim of the 
testing was to evaluate perceived usability and usefulness of the studio 
in enhancement of watershed management in Tanzania.  
Thesis Structure 
This thesis is organized into seven chapters.  
The first chapter presents the background to the research domain and introduces various 
contextual issues in the field of watershed management with special focus on the 
management of the water sector in Tanzania. From this background, the research problem 
is outlined and research questions are identified. The chapter presents the research 
approach, which extends to cover research philosophy and strategy, guiding the process 
of conducting the study. The chapter also outlines the thesis structure.  
The second chapter discusses the theoretical underpinnings and perspectives of the 
problem domain based on the existing knowledge base. The chapter presents an in-depth 
understanding of watershed management practices and applies different theoretical 
perspectives to watershed collaboration enhancement modalities.    
The third chapter is a presentation and analysis of the exploratory study findings. The 
exploratory study was carried out for two (2) PES pilot case studies in Tanzania. Sixty 
five (65) stakeholders participated in the focus group discussions where deeper insights 
were gained into the issues gathered from the case studies. The insights from exploration 
were generalized to watershed management and these set the considerations for the design 
of the PES Decision Enhancement Studio (PESDES).  
The fourth chapter gives a detailed description of the design of PESDES, which 
encompasses decision making services, suites for the intervention areas and 
corresponding sub-suites with relevant activity diagrams. The chapter also presents a 
discussion of PESDES using the “ways of” framework (Sol, 1982).  
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The fifth chapter presents a discussion of the prototyping and instantiation of the PESDES 
with emphasis on studio architecture and guide to configure PESDES information. The 
implementation is mainly described using studio services.  
The sixth chapter describes the methods engaged in testing the studio prototype, the 
evaluation approach and the evaluation results regarding the parameters of usefulness and 
usability. This chapter also presents the discussion on the additional views from 
evaluators as well as the discussions of the understandings gained from the evaluation.  
The seventh chapter presents a reflection on the overall research agenda. Specifically, it 
presents overview and reflection on the research questions and approach, research 
contributions explaining the specific knowledge gaps filled by the research findings. This 
chapter also expounds the possible generalizability and potential future research gaps. 
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CHAPTER 2: WATERSHED AND PES IN LITERATURE  
The purpose of this chapter is to present the literature review as a lens and foundation of 
the research. The literature review encompasses a number of issues around the 
application of PES initiatives in a watershed scenario. Section 2.1 presents the 
perspective of PES initiatives in Tanzania. Section 2.2 maps out watershed operations 
with the view to providing insight into stakeholders’ engagement and collaboration 
arrangements. Section 2.3 presents a theoretical perspective underlying watershed 
management and collaboration considerations among actors and operational issues in a 
watershed; Section 2.4 discusses the research field of information systems and how it has 
evolved over the years in the field of watershed management. Section 2.5 reviews the 
application of information systems as applied to PES in watershed management. Section 
2.6 justifies the possible application of a PES studio in addressing operational 
deficiencies in watershed management practices. This section concludes by presenting a 
synthesis of observations from the literature review.   
2.1 Perspective of PES Initiative in Tanzania 
(Wunder, 2005; Perrot-Moitre, 2006; Pagiola et al., 2004; Landel-Mills & Porros 2002; 
Simpson & Sedjo 1996) argue that there are various types of models, adding to the scope 
and diversity of factors through which PES can be designed in order to provide positive 
incentives for managing ecosystems. (Smith et al., 2013; Wunder, 2005; Pagiola et al., 
2004) classify PES schemes into three broad types, namely; public payment schemes 
through which government pays land or resource managers to enhance ecosystem 
services on behalf of the wider public; private payment schemes, involving self-organized 
private deals in which beneficiaries of ecosystem services contract directly with service 
providers; and public-private payment schemes that draw on both government and private 
funds to pay land or other resource managers for the delivery of ecosystem services. PES 
schemes can be developed at a range of spatial scales, including: International, where 
developing countries that are willing and able to reduce emissions resulting from fires in 
deforestation and degradation are paid by developed countries for doing so, National 
government-financed scheme where funds are paid to farmers and land managers on 
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behalf of the public in return for more environmentally-sensitive conservation and 
Catchment involving downstream water users paying for appropriate watershed 
management on upstream land. These schemes tend to be private-financed such as where 
a water utility pays.  
(Lopa et al., 2012; NAWAPO, 2002) present that policy foundation for watershed PES 
has been developed and is driving towards a paradigm shift for policy reforms (e.g. 
NAWAPO, 2002; NFP, 1998; NEP, 1997). Whereas (WRMA, 2009) empowers Water 
Basin Boards to announce charges, (EMA, 2004) stipulates instruments for economic 
incentives with respect of PES. This foundation is supportive of the establishment and up 
scaling of PES schemes in Tanzania. In addition, the results of this research work are 
visualized to enrich the general understanding of the PES science and its management 
aspects. Stakeholders’ participation in watershed interventions is expected to rise due to 
the better understanding of PES issues.  
PES practices in Tanzania can be classified under three categories as described above. 
However, current PES schemes operate as pilot projects and are largely donor-driven; 
hence financially or technically unsustainable and lack adequate monitoring mechanisms 
for compliance and quality assurance. In realizing the aforesaid background, this study 
focused on the catchment PES, a type which is presently found in the two (2) case studies 
(site A and Site B) for water ES, located in Tanga and Mororgoro regions, respectively. 
Water PES model focuses on equitable payments for watershed services. (Kanuni, 2013; 
Joshua, 2013, Lopa, 2012, Fisher, 2010) assert that, the pilot case studies faced 
operational and design challenges due to stakeholders’ rudimentary understanding of PES 
schemes.   
Further, (Lopa et al., 2012; Leimona et al., 2009; Milne & Niesten, 2009) argue that PES 
requiring direct payments are institutionally complex to implement in poor communities 
with insecure land tenure and weak institutions; and consequently, other non-PES 
approaches are recommended. (Lopa et al., 2012) state that the lessons learned from 
Water PES are relevant to promoting the emerging market-based conservation approach 
more broadly in Africa. Similarly, these lessons will provide useful guidance on how 
Water PES schemes could be designed. In addition, (Van Noordwijk, 2012; Pattanayak 
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et al., 2010) state that PES is based on the “beneficiary pays principle” rather than 
“polluter pays principle”, and as such is attractive in settings where ecosystem services 
providers are poor, marginalized landholders or powerful groups of actors. 
PES has been extensively discussed and authors have shown convergence as well as 
divergences (Cole, 2012; JICA, 2010; Wunder et al., 2008; Giacomo et al., 2009; FORES, 
2012; Summerville, 2009). Therefore, this study was also instigated and propelled by the 
rudimentary status of PES issues which revealed a number of unknowns.  Further, (Smith 
et al, 2013; Summerville, 2009; Wunder et al., 2008; Pagiola, 2004; Savy & Turpie, 2004) 
argue that while each PES scheme is unique, most have a common basic structural design 
and authors converge in defining PES scheme types, scales and key principles of its 
design.  The five key principles of PES schemes include that; (i) it is a voluntary scheme, 
(ii) beneficiary that is the buyer pays for ecosystem services, (iii) direct payments to the 
ecosystem service providers (seller), (iv) additionality that is payments are made for 
services delivered over-and-above those expected beyond regulatory compliance), and 
(v) conditionality referring to payments made as per agreement with the contracting 
parties).  
Arguably, (Smith et al, 2013) have proposed two more principles; (vi) ensuring
permanence (i.e. management interventions paid for by beneficiaries should not be 
readily reversible, thus providing continued service provision) and (vii) avoiding leakage 
(i.e. PES schemes are set up such that securing an ecosystem service in one location 
should not lead to the loss or degradation of ecosystem services elsewhere. Case studies 
in Tanzania have shown partial compliance due to operational and design criteria which 
were not integrated in the PES scheme design (Kanuni, 2013; Joshua, 2013, Lopa, 2012). 
Further, (Wunder, 2005) argues that failure to fulfill all criteria results in some approaches 
being termed PES-like schemes. Shortfalls in PES scheme designs pose practical 
challenges that need to be integrated in future designs. 
2.2 Watershed Stakeholders  
In watersheds, various stakeholders collaborate to execute planned activities. Considering 
the various actors involved in watershed intervention, this section takes a closer look at 
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the range of actors. It also presents an in-depth understanding of how these stakeholders 
collaborate in the implementation of activities in watershed management. (Ndwetewio et
al., 2013; Darghout, 2008; Mwanyoka, 2005; NAWAPO, 2002) point out that the 
ministry responsible for water affairs is keen to work with partners to help restore and 
protect national watersheds. (Lalika et al., 2015; Mwanyoka, 2005; Lixian, 2002) argue 
that a watershed management framework should support partnering, use sound science 
and well planned action to achieve results.  
Apparently, (UN-ESCAP, 2015; WRMA, 2009; Kisilevisky & Lemon, 2005; Bakher, 
2003; NAWAPO, 2002) observe that, the Government of Tanzania embraces the 
participation of formal and informal actors and structures in water governance activities.  
Specifically, participation of local communities and gender equity in watershed 
management is emphasized (Ndwetewio et al., 2013; NAWAPO, 2002; Lixian, 2002). 
The undertaker of this study realized the need to find ways and modalities to get this 
portfolio of actors and program to work coherently. Considering these aspects and various 
actors in the watershed projects, this thesis argues that an in-depth understanding of the 
stakeholders’ types and collaboration aspects in the implementation of activities in the 
watershed management is crucial and determines the likelihood of success of watershed 
management. Thus, the study focused on finding ways that would facilitate effective 
collaboration of all stakeholders involved in watershed operations.  
In addition, stakeholders in PES schemes work together in executing core activities, thus 
requiring due understanding of the logistics and synergies of creating and operating a 
team of diverse actors. In order to have fruitful results of the implementation, an enabling 
environment is necessary to provide direction as well as clear roles and responsibilities. 
(Alfredo et al., 2013; Lopa et al., 2012) argue that the application of PES in a watershed 
setting raises a number of technical and ethical concerns; thus demanding a mechanism 
that presents clear roles and responsibilities of both parties. In this section, therefore the 
author takes a concise look at the core actors and operational activities undertaken in the 
watershed intervention and analyse essential elements to guide the design and 
management framework for the stakeholders’ collaboration processes as well as for 
operating teams of diverse actors to pursue a common goal.   
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Watershed Stakeholders and Operations 
(DEFRA, 2013; Smith et al., 2013; Summerville, 2009; Wunder et al., 2008 & 2004; 
Pagiola, 2004; Savy & Turpie, 2004) identify four principal groups in a PES scheme for 
watershed, which include; buyers, sellers, intermediaries and knowledge providers;  (i) 
buyers are the beneficiaries of ES who are willing to pay for the services in order to be 
safeguarded, enhanced or restored; (ii) sellers are the land and resource managers whose 
actions can potentially guarantee the supply of beneficial services; (iii) intermediaries
serve as agents linking buyers and sellers and help with scheme design and 
implementation; and (iv) knowledge providers are experts in various aspects of the 
intervention, regulators and business and legal advisors who can provide knowledge 
essential to scheme development. (Lalika et al, 2015, Lopa et al., 2012) has pointed out 
a hidden group of “free riders” that also exist. These are the people who tend to take a 
free ride on the hard efforts of others, such as the public that is enjoying free benefits of 
ES downstream without contributing directly to the conservation efforts.  Some 
organizations could play different roles in different PES schemes and the way that buyers 
and sellers can be configured in schemes can also vary (Smith et al., 2013).   
(Erdogan, 2013; US/EPA, 2013) argue that watershed activities are dedicated to solving 
five categories of problems. These include lack of water (quantity), deterioration in water 
quality, ecological affects, poor stakeholders’ participation, and low output economic 
value for the investment in water-related activities. (US EPA, 2013; Grigg, 1998, Said et
al., 2006) argue that for successful implementation of solutions to these tasks, watersheds 
blend science, technology and statutory responsibilities with socio-economic 
considerations; and a broad representative array of stakeholders should be involved.  
Basically, watershed management involves blending actions and objectives favored by 
different players to achieve the best total results within a watershed. (Kanuni, 2013; 
Joshua, 2013, Lopa, 2012) identify watershed activities in the pilot PES case studies 
which were not addressed due to operational and design challenges; sharing decision 
making, communication & participation, technical support from practitioners and 
researchers, e.g. conflict resolution, use of sound science and identification of other 
stakeholders.  These key and inter-related watershed functions were poorly planned and 
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executed resulting to failures of the pilot schemes. (Pereria, 1973; Steigner, 2003; 
Edorgan, 2013) assert that integrated and holistic approaches in watershed management 
did not work well in many countries for failure to recognize and appreciate intricacies 
and interrelations of the ecosystem, poor integration and coordination. In order to 
accomplish these activities effectively, the study realized the need to address them 
through integrating contemporary technological approaches and IS in problem solving. 
The following section presents a discussion on the watershed principal stakeholders, 
focusing at their role, responsibilities and activities. Table 2.1 presents the key watershed 
activities and concerns of actors. The researcher also presents a discussion on Ecosystem 
Service (ES) which is the main output from watershed conservation efforts.  
Role and responsibilities in ES provision 
Ecosystem service seller  
The ecosystem service seller is a principal watershed stakeholder responsible for the 
conservation of water and land resources in watersheds. Such sellers stand as indigenous 
communities represented by local farmers and land users, conservers and key stewards of 
the natural places (WWF, 2014). ES sellers depend on land, forests, fisheries and wildlife 
for their ways of life; hence over generations, many have developed knowledge and 
practices to sustainably use and protect natural resources. (Wunder, 2005) argues that, 
many interventions ignore the contribution of such sellers in watershed management. 
Literature shows that land ownership is  a key element that determines effective 
implementation of PES schemes, but in most cases sellers have no ownership to land 
(Lopa et al., 2012; CARE & WWF, 2007).  (Lopa et al., 2012) note that for Water PES 
(Site B, Morogoro), participation by poorer households may have been limited because 
they have less land area for experimental uses and tend to focus on core food crops for 
subsistence. (Lopa, et al., 2013; Kanuni, 2013; Joshua, 2013; CARE & WWF, 2014) state 
that payments for ES need to be regulated by a third party, that is by an intermediary 
agent to the ES suppliers or by a mechanism that ensures equity and fairness. In addition, 
sellers and buyers must have the same understanding of each party’s respective rights, 
obligation and risks.   
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Based on the above discussion, the study focused on facilitating adoption of an approach 
that allows sellers to be motivated and to participate in watershed conservation activities. 
Further, (WWF & CARE, 2014) argue that a close link to Government support is essential 
if the functioning markets for the ES are to be developed through the establishment of 
legal and policy reforms. 
Ecosystem service buyer  
The ecosystem service buyer is a principal watershed stakeholder responsible for making 
payments to ES sellers. Buyers pay ES sellers for their investments and voluntary efforts 
in carrying out conservation activities. Literature shows that, the amount of money paid 
for ES is a pertinent issue both to the ES sellers and buyers. In this case, whereas the 
conservers are compensated for ensuring ES increased flows and improved quality of 
water, the buyers are interested in additionality or added value.  The criteria for assessing 
ES in a PES business case are crucial with particular focus on conditionality and 
additionality. (Wunder, 2005; Pagiola, 2004) argue that a PES scheme must demonstrate 
its conditionality and additionality aspects. Therefore, this study undertook to establish 
the importance of facilitating a PES scheme design such as to elaborate on a compensation 
scheme that is fair and equitable to both parties. (Butchart et al., 2010) argue that the 
failure of society to compensate land owners and managers for the provision of service is 
regarded as a key factor contributing to rapid changes in land use, particularly the global 
degradation of the ecosystem. (Lopa et al., 2012) observed that high level of poverty in 
the rural and urban population in Africa affects the formal payment system for the general 
public.   
Literature also shows that failures for the pilot PES case studies for Uluguru were 
attributed to inefficient compensation schemes perceived as not fair and the payments are 
made late. The payment factor is significant in ensuring that ES buyers and sellers engage 
effectively in the PES scheme for watersheds management. 
Intermediary Group (IGs) 
The intermediary groups are the agents linking buyers and sellers. These can help with 
scheme design and implementation. IGs need to be a credible consortium possessing a 
multitude of skills and competencies including negotiation, community participatory 
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approaches, project management, monitoring and evaluation skills as well as expertise in 
financial and legal matters. Capacity building for stakeholders is paramount for 
minimizing excessive dependence on the intermediary groups. (Lopa, et al., 2013; 
Kanuni, 2013; Joshua, 2013; Lopa et al., 2012) argue that buyers and sellers should 
engage in a business case that presents clear roles of both parties and must be regulated 
by a third party, referred to as the intermediary agent who ensures equity and fairness in 
the compensation. These issues require close attention and consideration when 
establishing PES schemes for watershed management.  
Knowledge Providers (KPs)
The knowledge providers provide technical support to the stakeholders. KPs ensure that 
efficacy of PES scheme and outputs are achieved. In the reviewed case studies, KPs 
comprised of technical experts who represent key stakeholders and provide technical 
support to the conservers implementing PES. They include water and forest resources 
management experts, agriculture extension experts, land evaluation experts, land use 
planners and regulators.  The stakeholders identified additional experts during PES 
implementation such as soil specialists. Unfortunately, other specialists were not 
considered such as business and legal advisors who can provide knowledge essential to 
the development of the scheme. Seemingly, the KPs were not given clear terms of 
reference. This was coupled with poor motivation and consequently the group abandoned 
its participation (Site A, Morogoro). Therefore, clear roles and responsibilities, 
competence of the KPs, facilitation and effective running of meetings (i.e. meeting 
schedule & clear agenda) underpin effectiveness and efficiency of KPs and therefore 
deserve due attention. 
Table 0.1: Key watershed activities, processes and concerns of actors 
Stakeholder Concerns Watershed Activities and Tasks
ES Seller (ESS) Conservation of 
ecosystem to generate ES 




Water conservation and rehabilitation 
(e.g. non-point source pollution 
abatement), land use planning, 
stakeholder operational plan, getting 
started with stakeholders, ecological 
best practices, visioning exercise, and 
non-regulatory activities, contract 
524426-L-bw-Baya-SOM
Processed on: 21-9-2018 PDF page: 57
Enhancement of Watershed Management in Tanzania using PESDES 
 35 
 
Stakeholder Concerns Watershed Activities and Tasks
agreement; assessment of 
additionality and conditionality and 
permanence on ES and monitoring & 
online discussion forum and 
participate in conservation 
competitions. 
ES Buyer (ESB) Increased and sustainable 
compliance with contract 
agreement
Beneficiary of ES and information on 
marketing products, payment to 
compensate ES sellers, contract 
agreements, assess additionality and 
conditionality and permanence on ES 
in collaboration with other actors and 







Facilitate design of contract 
agreements, support implementation 
of watershed activities, link ES 
buyers and ES sellers, facilitate 
collaboration among actors, 
stakeholder meetings, facilitate 
visioning exercise, framework for 
stakeholder engagement, monitoring 
and evaluation, fundraising, baseline 
data collection, enforce leakage 
controls and permanence on ES, 
market search, valuation for ES, 
stakeholder prepare operational plans 
and budgets, facilitate stakeholders’ 
and online discussion forums and 




Application of technical 
and sound science in 
watershed management, 
collaboration and 
implementation of agreed 
schemes.
 
Watershed planning and 
management, design of contract 
agreements, monitoring and 
evaluation, baseline data collection, 
capacity building and technical 
support to ES seller in field 
operations, draft clear roles and 
responsibilities of all actors, plan 
stakeholder meetings, facilitate 
collaboration among actors, 
framework for stakeholder 
engagement, market search and 
valuation for ES, visioning exercise, 
stakeholder prepare operational plans 
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Stakeholder Concerns Watershed Activities and Tasks
& budgets and initiate  stakeholders’ 
and online discussion forums and 
facilitate conservers’ competition 
activities, assess and keep records 
(inventory) of relevant practices and 
knowledge.
Other Interested 
Parties (OIP) – 
example ES Free 
riders
Access to free and 
sustainable water resource
Can be invited to meetings and 
participation in monitoring and 
evaluation, watchdog functions 
against polluters.
(Source: Field Data, 2015) 
Importance of Ecosystem Service
Ecosystem service (ES) is the main output from watershed conservation efforts and is the 
cornerstone or sold commodity in a PES business case. Watershed contains and provides 
ecosystem services and goods (Smith et al., 2013; Ndwetewio et al., 2013; Darghouth, 
2008; Mwanyoka, 2005). A healthy ES provides a variety of goods and services that 
contribute directly and indirectly to human livelihoods (CBD Secretariat, 2010; Jack, 
2010; Constanza et al., 1997). ES are, therefore, the benefits that people derive from the 
24 types of ES of the world's ecosystems and which are becoming increasingly scarce 
(MEA, 2005). (MEA, 2005; Simpson, 2011; Balmford et al., 2002; Constanza et al., 
1997) classify ES as (i) direct services often called provisioning services such as food 
and water, or regulating services such as control of floods, erosion and water filtration, 
and (ii) indirect services including, those associated with ecosystem processes namely; 
nutrient recycling, pollination, soil erosion, and photosynthesis. The ES characterizing 
the study area include regulating services such as freshwater supply service and 
provisioning including services of directly supplying food and non-food products (Branca 
et al., 2011; Lipper and Neves, 2011; Hamilton and Beastead-Smith, 1989). Watershed 
ecosystem in the study area generates various ES including regulated services and 
provisioning services.  
2.3 Collaborative Watershed Management (CWM) 
(Robinson, 2015; Edorgan, 2013; Kaiser, 2011; Michaels, 2001; Bardach, 1998; Gray & 
Wood, 1991) argue that CWM provides a shared policy framework to be implemented by 
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public and private sector partners as part of the common goal of conserving and managing 
hydrologic resources. (Darghouth et al., 2008; NWSDS, 2006-2015) argue that national 
policies on Collaborative Watershed Management have developed pragmatic and 
iterative fashions, based on engineering-dominated approaches alongside community-
based approaches. (Edorgan, 2013; Scott et al., 2010; Moyo and Mtetwa, 2003; Wang, 
2001) state that Collaborative Watershed Management (CWM) is a promising new input 
in addressing non-point source pollution in water bodies. (Kaiser, 2011; Robinson, 2015) 
have identified six different types of collaborative arrangements and activities in 
watershed management and give generalized operational understandings to ensure or 
enhance cooperation among agencies with overlapping jurisdictions and shared 
responsibilities. These include collaboration, coordination, merger, integration, networks 
and partnerships. (Darghouth et al., 2008; Pagiola 2006; Francisco and Rola, 2004) argue 
that PES and CWM are dominant paradigms of the 20th century which promote economic 
development and environmental conservation. (De Vreede and Briggs, 2005) argue that 
both paradigms need enhanced collaboration if they are to work effectively.   
(Fawcett et al., 1995; Lasker, et al, 2001) assert that the key issues entailing collaboration 
include involvement of the community from the earliest planning phase. In addition, 
(USEPA, 2013; Ndwetewio et al., 2013; Darghouth, 2008; Mwanyoka, 2005; NAWAPO, 
2002); Lixian, 2002) state that collaboration builds a close working relationship and sense 
of ownership and involvement of actors in CWM activities. Furthermore, (NAWAPO, 
2002) reports that there is still a gap between the referred working relationship and sense 
of ownership and involvement of actors in CWM activities in most of the Tanzanian 
watersheds. (Hirji et al., 2012; Mujwahuzi, 2002)  report that the SADC Governments 
are now  initiating PES schemes by delegating responsibilities to the communities in their 
respective localities to strengthen working relationships and promote a sense of 
ownership and involvement of actors in CWM activities. (Bosnich, 2015; Lonzel, 2014; 
Hirji et al, 2002; NAWAPO, 2002) futher argue that communities are rural villages and 
informal settlements located in water basins (e.g. WUAs) who oversee the management 
and coordinate conservation activities in their respective areas.   
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2.4 Theoretical Perspectives Underlying Watershed Management
The discussion in section 2.2 above gives an insight of the operations in a watershed, 
maps out various stakeholders involved in the operations. It also outlines the complex 
collaboration issues in managing the many actors involved in watershed interventions. In 
this section, the theories and collaboration mechanisms are discussed in the context of 
PES scheme activities in watershed management.  
Regulation of Watershed Activities 
From the previous discussion, watersheds involve actors and activities, which require 
regulation for effective watershed management. One of the important goals of watershed 
management is to ensure the sustainable development of water resources.  Hence, 
regulation and control is required to ensure compliance with sectoral legislations relating 
to water, land use, environment and forests. However, (Pirard et al., 2010; Wunder, 2005) 
argue that PES schemes as a policy toolbox can reverse the trends of degradation of 
ecological resources. Apparently, there is no clear guiding principle for the enforcement 
of rules and actions in watersheds where PES intervention is involved. (Ndwetewio et al., 
2013; Lopa et al., 2012; Mwanyoka, 2005) argue that the watershed principle advocates 
for participatory and partnership approaches in the enforcement of legal actions and rules. 
In addition, (NWRMA, 2009; EMA, 2004; NAWAPO, 2002) stipulate that Polluter-Pays-
Principle (PPP) enshrined in the Environmental Management Law (EMA, 2004) and 
Beneficiary Pays Principle (BPP) are applicable in this context. Likewise, best practices 
show that the adoption of PPP and BPP is likely to induce changes in the behavior of all 
stakeholders and free riders.  
The use of PPP and BPP could be useful in addressing such anomalies such as free rider 
mindset in Tanzania. However, (EMA, 2004; NAWAPO, 2000; NEP, 1997; Stavins & 
Whitehead, 1992) assert that the use of economic incentives should be encouraged to 
replace traditional command and control regulation in watershed management due to the 
existing limitations. This study therefore aimed to promote the use of incentive-based 
approaches in watershed management. To compliment this strategy, (Kerr and Jindali, 
2008; Stein and Edwards, 1999) affirm that platforms pertinent for analysis and 
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negotiation will promote collective action for the better management of the common pool 
resources as watersheds. 
Watershed Management and Collaboration
This section presents the theoretical highlights and collaborative understanding of 
watersheds. Specifically, it explores how collaboration mechanisms could be effectively 
applied in order to enhance stakeholders’ engagement in watershed projects. (Edargon, 
2013; Ndwetewio et al., 2013; Drake and Hogan, 2013; Wani and Garg; 2009; Darghouth 
et al., 2008; Lixian, 2002; Curtis et al., 2002; Mazvimavi, 2002) have presented extensive 
discussions on watershed management. (Edargon, 2013) argues that organizational 
approaches have been instituted worldwide by e.g. World Bank, IFAD, FAO and IWMI 
in order to resolve watershed issues. The current underlying argument is that effective 
protection of watersheds cannot be achieved by institutions of water management alone 
(Ngana et al., 2010; Fidelman, 2008; Francisco and Rola, 2004). Therefore, collaborative 
mechanisms need to be mainstreamed, understood and modernized in order to facilitate 
watershed stakeholders to negotiate, define, and guarantee among themselves a fair 
sharing of management functions, entitlements and responsibilities for water resources 
(Erdogan, 2013; Borrini-Feyerabend, 2000; Hennessy, 2000).  
From the above and previous discussion, watershed interventions involve many 
institutions and organizations that interact with each other and with many other 
stakeholders. These interventions are complex issues and their management poses 
challenges, which need to be addressed through application of theoretical knowledge, 
technological applications and experiences. (FAO, 2013; Fischer et al., 2010) link the 
shortfall in watersheds largely with weak stakeholder collaboration at watershed levels.  
(US/EPA, 2013) provides key steps for getting started, that is identify driving forces, 
identify internal goals & objectives and to develop a framework for stakeholders’ 
involvement as well as building self-stakeholder groups abilities for engagement and 
collaboration in a watershed management. (Ngana et al., 2010; Lasker, et al, 2001; 
Fawcett et al., 1995) assert that effective and sustainable collaboration can be best 
realized if stakeholders participate in all decision making processes and stages.  
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Considering the stakeholders’ theory, (Thompson, 2015) states that “the purpose of an 
intervention is to create as much value as possible for stakeholders, hence the need for 
the latter to be aligned and to go in the same direction. Both authors support collaboration 
in engaging, partnering and minimizing inadvertent exclusion of key actors in watershed 
management. (Ngana et al., 2010; Fidelman, 2008; US/EPA, 2001) assert that 
participation of key stakeholders should be promoted and inadvertent exclusion of any 
stakeholder group should be avoided.  (US/EPA, 2001), emphasize that, stakeholders’ 
engagement in decision making processes can be enhanced through the use of technology 
to share and collaborate, which is enhanced information sharing and collaboration. In 
addition, there are many newer interactive web tools and technologies available that can 
help to foster more productive collaboration such as the use of social media apps. This 
study aims at promoting the application of modern technologies and innovations in 
enhancing collaboration among key actors in watershed management. 
2.5 Decision Enhancement (DE) 
(Miller et al., 2004; Srivastava, 2003) provide different ICT models (e.g. DE) being 
applied in watersheds to equip watershed stakeholders with reliable information for 
enhanced decision making. (Mysiak et al., 2005) state that the application of these models 
in watersheds management has facilitated watershed information storage,  manipulation, 
retrieval and transfer and has guided decision making in a collaborative manner. (Alter, 
1980; Keen and Scott Morton, 1978) introduced the cocnept of  Decision Support Systems 
(DSS), being computer-based support systems for management decision makers and 
which is intended to facilitated engagement in decision making processes. The main aim 
of DSS was to provide the user with tools that improve their engagement in decision 
making resulting in more informed and strategic collaborative decisions (Knol, 2013; 
Arnott & Pervan, 2008). 
In solving complex or ill-structured problems, DSS was employed to handle a large 
number of issues and relationships but also to alleviate the effect of unknown or shifting 
parameters and relationships in collaborative decisions and processes. Since then various 
DSS relevant in watershed management have been developed but are not fully exploited. 
This has attributed to poor designs which lack essential features of stakeholders’ 
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collaborative strategies (Moris et al., 2012; Eurico et al., 2004; Mwangi, 2003). With a 
growing interest in service-oriented thinking in IS research, there was the need for DSS 
to address this paradigm shift (Tumwebaze, 2016; Katumba, 2016). (Katumba, 2016; 
Keen & Sol, 2008) noted the importance of reconsidering IS from technical vintage points 
to a focus on services, processes and people.  
By rethinking on IS models to bring services, people, processes and technology together 
to enhance decision making and improve collaborative decisions, (Tumwebaze, 2016; 
Keen & Sol, 2008) proposed the development of a Decision Enhancement Studio (DES) 
using suites and services. (Tumwebaze, 2016; Moris et al., 2012; Keen and Sol 2008) 
argue that DES have virtual environments that provide services that target all levels of 
decision making in any field including watersheds (Meenar et al., 2013; Eurico et al., 
2004; Mwangi, 2003) and enhance the link between people, process and technology by 
enabling strategies with appropriate analytical methods and computer tools or suites 
(Sandink, 2016; Meenar et al., 2013).  (Tumwebaze, 2016; Keen and Sol, 2008) argue 
that DE services can be geared towards facilitating effective deployment of technology 
in order to achieve decisions that are characterized by strategic approaches, speed, 
flexibility, coordination and motivation. These decisions, made through suites enable 
knowledgeable stakeholders to engage in decisions that improve collaboration in 
watersheds management (Sandink, 2016).  
The concept of DE is evolving and has widened its applicability in order to serve several 
disciplines and fields including watersheds (Watermolen, 2010), energy (Sangiorgi et al., 
2007-2013), medicine (Valkenhoef et al., 2012), mining (Ejiri, 2012), corporate 
organisations (Amiyo, 2012; Mulira, 2007), public service (Knol, 2013), agriculture 
(Tumwebaze, 2016; Aregu, 2014) and asset management (Katumba, 2016; Bekker, 
2016). This clearly shows an increasing interest in DE services and its potential in 
facilitating engagement decisions that guide collaboration of stakeholders in handling 
complex management challenges in different fields. Accordingly, this study also aimed 
at establishing grounds for decision enhancement (Keen and Sol 2008) and aims at 
improving collaboration and enhancing decision making among watershed stakeholders 
through the provision of a series of studio arrangements.  
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2.6 Application of DE in Watershed Management 
According to (Goodall, 2016; Sangiorgi et al., 2007-2013), the use of technology and its 
links to innovative practices in stakeholders’ engagement has been one of the focal areas 
in recent times, characterised by a wide range of opportunities provided by advancements. 
(US/EPA, 2013; Mallery et al., 2012; Moris et al., 2012) used technology as a benchmark 
for selecting key informants for various investigation objectives. (Meenar et al., 2013) 
assessed infiltration of the engagement tools to community and found them to include: i) 
websites & social media tools for marketing and advertising; and ii) open access 
documents such as print in the form of press releases, newsletter articles, 
brochures/handouts, and direct mailing for social networking that have enhanced 
collaborative decision making in many watersheds.  
(Keen & Sol, 2008) uses a studio-based initiative to bring technology, people and services 
together in combating ill-structured decisions (Tumwebaze, 2016; Katumba, 2016; Keen 
& Sol, 2008). Decisions that are ill-structured require wide information sharing and 
special care in integrating technology (OECD, 2015). The Decision Enhancement Studio 
(DES) as envisioned above is a technology based instrument with suites providing 
recipes, methods and tools in an environment that supports collaboration (Katumba, 2016; 
Sandink, 2016; Keen & Sol, 2008).  
Researchers have reviewed innovative methods in stakeholder engagement by applying 
modernized technologies. (Meenar et al., 2013) assessed the technology based 
community engagement tools in watershed plans, and reports that the technological 
community engagement tools has promoted collaborative decision making where people 
deliberate together over issues affecting their future and make appropriate decisions. 
(Sangiorgi et al., 2007-2013; Morris et al., 2012) argue that studio based social media 
platforms show leadership in identifying and holding discussions with diverse 
stakeholder groups, just as many companies are struggling to build the basics of 
collaboration and appropriately responding to increasing pressures of their customers. In 
this research, the author examined watershed management interventions, and the type of 
engagement activities involved. The aim was to provide a solution that facilitates the 
watershed stakeholders’ enhanced engagement in all aspects. Therefore, one needs to 
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know why people get involved in certain activities, and how they can better organize 
themselves to benefit from the technologies being used.  
(US/EPA, 2013; Drienikova & Sakal, 2012) state that engagement of stakeholders in 
collaborative decision making must get priority. Understanding stakeholders’ 
engagement requires a shift in institutional mindset and a change from treating 
stakeholders’ issues as outside concerns that need to be managed to serious topics that 
merit dialogue (Strandaneas, 2012; Drienikova & Sakal, 2012; Chin, 2005). (US/EPA, 
2013) identified the driving forces behind initiating a stakeholder group involvement 
program, which was “the need to increase awareness about water quality”. (Argomaniz 
et al., 2013) introduced the motivation behind engagement by setting a vision that 
clarifies the specific roles and sustainability objectives to be achieved.  
Apparently, there is abundant information that describes the various aspects of 
stakeholders’ collaboration. The development of DES incorporated the views articulated 
by authors on the general principles and practices that have been revealed to increase the 
quality of stakeholder participation when facilitated by computer based information 
systems (Sandink, 2016; US/EPA, 2013; Meenar et al., 2013;  Drienikova & Sakal, 2012; 
Strandaneas, 2012; Polaschek et al., 2009; Hodgson, 2006; Chin, 2005; UNEP, 2005). 
(US/EPA, 2013; Hodgson, 2006; UNEP, 2005) point out that the best way to set 
collaborative processes off on the right foot is to provide plenty of advance notice to 
participants. The researcher noted further that working principles of institutions generally 
involve technology applied by people to interpret and value rules and regulations, and is 
unavoidably a process of social interaction. Each action defines the relevant roles and 
responsibilities for implementation and milestones, and establishes realistic timeline for 
completion. 
(Sandink, 2016) argues that there is no best standard practice for the involvement of 
stakeholders. However, these practices relate to the principles of transparency, which 
have been enhanced by user-friendly and accessible systems. For instance, (Polaschek et
al., 2009) designed a Wikipedia, which allowed and permitted users to edit an entry, and 
then having editors download and upload it every time they want to make changes. 
Consequently, everyone collaborating in an entry can make changes in a single view of 
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documents. Further, the design permitted everyone in an organization to capture, 
discover, edit and contribute content and information. This is archived contextually in a 
logical order, ready for easy access and re-use (Polaschek et al., 2009). (Meenar et al., 
2013; Valkenhoef et al., 2012) also assessed several community collaborative tools to 
inform citizens about the issues and the planning process, where they found out that the 
community engagement tools included broadcast and print media activities.   
From this discussion so far, it was noted that, existing collaborative processes have not 
given adequate attention to issues that have emerged from the reviewed literature. The 
information from literature provides recipes on a single-issue basis. Consequently, these 
omissions have resulted into: i) unpredictable operational conditions of watersheds 
leading to stakeholders drop out from the project activities; ii) weak management 
approaches leading to conflicting interests among stakeholders; and iii) apathy among 
actors at project implementation leading to abandonment of some project activities. 
Moreover, literature review shows that DSS in other countries is being used as a tool to 
inform policy and to drive policy analysis (Sandink, 2016; Meenar et al., 2013; 
Valkenhoef et al., 2012; Hodgson, 2006). The need was therefore felt to use modern 
technologies in facilitating stakeholders’ collaboration and decision making in watershed 
management in Tanzania. 
2.7 Decision Enhancement in PES Initiative for Watersheds Management
(NAWAPO, 2002; NWRMA, 2009) present two management approaches used in the 
water sector, which are: River Basin Planning (RBP) and Integrated Watershed Resources 
Management (IWRM). In order to address water resources challenges, the Government 
is piloting IWRM systems in a holistic approach that seeks to manage watershed on 
ecological and economical basis integrating environmental policies (AWMA, 1999) and 
consequently RBP has been adopted at the watershed level. (NAWAPO, 2002; Hirji et
al., 2002) IWRM and basin authorities strive to create settings for collaboration and 
innovation through dialogue among stakeholders. But these initiatives are challenged by 
political viewpoints that restrict the initiatives from natural social organization and 
coordination of conservation activities. IWRM is deploying PES schemes in the 
watersheds. PES schemes provide platforms that help stakeholders to resolve problems 
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through honest dialogue, quality deliberation, and collaborative actions. Further, (Smith 
et al., 2013; Ndwetewio et al., 2013; Lopa et al., 2012; Darghouth, 2008; Mwanyoka, 
2005) argue that PES systems need to be equipped with the potential to provide a one-
stop shop for interested stakeholders to learn, discuss, and participate in environmental 
policy decisions affecting watersheds. 
The PES paradigm presents complex interaction patterns coupled with collaborative 
challenges as seen in previous sections. The complex interaction patterns and 
collaborative challenges, therefore, need to consider innovative technological 
engagement strategies. Consequently, collaboration as seen in its wide sense represents a 
broad range of watershed management interests and disciplines especially in the new 
paradigm of PES initiative. From the discussions in previous sections, one can take note 
that:  
x Watersheds allow interaction among actors and processes that focus on finding ways 
to get the portfolio of the actors and program to work together in a manner that adds 
public value. 
x Watersheds face challenges from a wide range of representatives of stakeholders, thus 
innovative systems to govern the participation and collaboration of the diverse 
interested groups is needed. 
x Watersheds provide for the planning and execution of all conservation activities and 
locations where PES scheme intervention takes place. 
x Throughout these core activities, various stakeholders collaborate in implementation 
of activities, thus requiring attention to the logistics, clear terms of reference, and 
synergies of creating and operating a team of people from diverse backgrounds. 
x Watershed management is a complex setting that requires proper organization and 
efficient inter and intra-communication modalities. 
x Stakeholders are highly social beings and this makes collaboration an important 
aspect of decision making.  
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x IS research work has already been accomplished on watershed management. 
However, stakeholders’ collaborative model for PES schemes in watershed 
management in Tanzania has not been implemented to date. 
Basing on the above, this study aimed to establish how DES can guide a design as 
presented by (Keen and Sol, 2008). The DES approach by (Keen and Sol, 2008) 
elaborates ways of bringing services, people, processes and technology together to 
effectively collaborate and enhance decision making. In addition, DES helps stakeholders 
to focus on decisions that matter and which describe watershed management and aspects 
of flexibility, visualization and collaboration that characterize the DE studio and makes 
it a viable option for addressing the collaboration challenges of watershed management 
in Tanzania. 
Specifically, flexibility is a key component of the DE studio, which seeks to ensure that 
the studio easily adapts to the changing and volatile collaboration environment 
(Tumwebaze, 2016; Knol, 2013).  On the same note, visualization in the DE studio 
involves the use of appropriate images without losing focus on content (Keen & Sol, 
2008). This focus on visualization is particularly relevant to watershed stakeholders 
where field experience may be required to be shared visually among watersheds to 
enhance understanding and collaboration. Further, collaboration of stakeholders is the 
target that needs to be achieved. The ability of DES to achieve fusion of people, process 
and technology is highly desired as it enhances collaboration of stakeholders.  
The researcher takes note that DES has been successfully applied by researchers in East 
Africa (Tumwebaze, 2016; Katumba, 2016; Mirembe, 2015; Aregu, 2014; Ssemalulu, 
2012; Amiyo, 2012; Ejiri, 2012), but it has not been applied in the context of PES schemes 
for watershed management in the region including Tanzania. Therefore, this research 
attempts to assimilate DES in watershed management. 
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CHAPTER 3: EXPLORATION AND UNDERSTANDING 
In order to gain a broader and more practical understanding of watershed management, 
stakeholders’ collaborative application of information communication technology (ICT), 
an exploratory study for selected pilot PES schemes and key stakeholders of the water 
sector was conducted. In this research, use was made of both case studies and focus group 
discussions in order to gain a practical understanding of how watershed stakeholders 
apply ICT to achieve collaborative management of watershed resources. While case study 
based inquiry helped in gaining a detailed description of the context in which PES 
schemes operate and actors perform their tasks and responsibilities, focus group 
discussions advanced broader and deeper insights into the respondents’ views, attitudes, 
challenges and motivations. This chapter presents the exploration undertaken and the 
associated findings. Section 3.1 presents an overview of case study based inquiry, its 
understanding and why it was adopted in this study. Section 3.2 and 3.3 discuss the 
selection of the case studies and preparatory framework for the exploratory activities. 
Section 3.4 presents the field data collection methods. Section 3.5 provides a description 
of the case studies. Section 3.6 focuses on presentation and discussion of case study 
findings. Section 3.7 presents an overview of the factors affecting collaboration in PES 
schemes in the case studies. Section 3.8 presents findings and discussion of group 
consultations.Section 3.9 presents the generic understanding of collaboration in PES 
scheme activities. Section 3.10 presents findings and observations from group sessions 
and consultations and section 3.11 presents the generic understanding of collaborative 
processes and ICT application in PES. 
3.1 Overview to Exploration and Understanding 
In chapter 1 and 2, a presentation was made of the theoretical analysis of PES scheme 
including highlights of conservational value particularly in watershed management. It 
was noted that currently collaborative processes in a PES scheme are impaired, thus 
leading to operational shortfalls of PES schemes in the country’s watersheds. Literature 
showed that operational shortfalls of the PES schemes are due to; (i) newness of the PES 
concepts in the country hence causing rejection of PES schemes by the targeted 
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stakeholders; (ii) unclear understanding of PES roles and responsibilities among 
stakeholders leading to slow uptake of PES schemes, and (iii) limited application of 
technology based tools in PES schemes.  
These factors have prevented smooth information dissemination on PES issues including 
support to PES schemes by Government and other responsible institutions. Equally, this 
caused loss of morale of the conservers whose livelihood was vulnerable. Specifically, 
the researcher noted that PES schemes are operated in water catchments which are 
remotely placed, have limited access to communication technology, and have poor road 
infrastructure as well as limited power supply.  Hence, communicating PES information 
to and from the sites is a challenge, which has hampered effective collaboration among 
actors and decision makers in PES schemes.  
The researcher explored the two selected PES case studies in Muheza, Tanga Region 
known as site “A” and Kibungo-Juu in the Uluguru Mountains, Morogoro Region known 
as site “B” in order to gain a practical understanding of the aforementioned challenges. 
In order to obtain insights of stakeholder’ views as well as information on PES activities 
focus group discussions were also organized. 
Having defined the challenges in PES schemes which prevent adoption in field 
operations, and considering the challenges caused by impaired collaboration and poor 
decision services in PES schemes, coupled with the interest of the research to apply ICT, 
the study obtained a focus of the intervention. The study focused on exploring how 
stakeholders in PES schemes  deploy technology based tools in order to capture and 
disseminate information and how ICT is used in managing PES schemes field operations 
to support watershed management. Specifically, the main aim was to explore how actors 
in PES schemes collaborate in making collective decisions in the management of the 
schemes, with the view to addressing the identified challenges. It is the proposition of the 
author that if these two challenges are addressed, PES schemes will be improved 
particularly how stakeholders collaborate and intensify the application of ICT in their 
operations and hence enhance decision making in PES schemes.  
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3.2 Selection of Case Study Sites and Stakeholders
Having defined the study focus, the researcher set out to select case study sites and 
interact with stakeholders in order to collect information for the study. The potential sites 
were identified and obtained and using stakeholders’ identification methods (Schmeer, 
2015; Thomson, 2011; Boonstra, 2010). The research identified key stakeholders and 
their relevance to the study.  
Case Study Sites Identification and Selection 
The researcher identified and selected two (2) case study sites in order to enrich the 
understanding of PES schemes with practical situations and realities on the ground. The 
other purpose was to familiarize with the real PES scheme from the local context. The 
details of the two pilot PES case study sites presented above include (i) PES operational 
case study A for Equitable Payment for Watershed Services (EPWS) in Muheza / Tanga 
Region and (ii) closed PES case study “B” for Payment for Ecosystem Services (PES), at 
Kibungo-Juu in Uluguru Mountains in Morogoro Region, Tanzania. The logistical details 
of location, transport and accessibility were gathered through review of records, use of 
global positioning systems (GPS) and consultation with the indigenous experts.  The 
project focal persons also guided the researcher on how to reach out to the sites including 
the identification of the location points of the study and related stakeholders. The two 
sites met set criteria and were selected and confirmed after the initial visit. The sites 
selection criteria included accessibility and permit from the project implementers. The 
scope and nature of activities were suitable for the objectives of the study and the local 
authorities in the study areas welcomed the researcher. However, the choice was limited 
because these two case studies were the only available and operational PES schemes in 
the country. 
Conservers Selection Process  
The selection criteria for conservers used stakeholders’ analysis because the nature of the 
study involved participation of various actors at all stages (Schmeer, 2015; Thomson, 
2011).  Based on the power and interest grid, four (4) categories of key stakeholders were 
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identified and included; conservers or sellers, intermediary group, beneficiaries or buyers 
and other interested parties. The study focused efforts on these key players.  
The process also considered sampling techniques for sites ‘A’ and ‘B’, where the 
sampling population was critically assessed in order to eliminate duplicate or triplicate 
names and the sampling frames were prepared from the village source list. The lists of 
names obtained from the village administration officers were consolidated to form the 
sample population for each of sites ‘A’ and ‘B’. Households were chosen to be the 
sampling units. The sample designs were carefully developed and determined before 
piloting and data collection. The piloting exercise involved selection of a sample 
population, to test the questionnaire information input (IIQ) tool. Questions in the IIQ 
were rephrased and tried on a small sample of the population for each case study in order 
to increase the efficiency of their administration. The piloting was conducted for two days 
including team orientation (Cauvery, et al., 2010; Kothari & Graig., 2014).  
Basing on the limited information available about the study population, ASTM E122 
standard practice and the popular standard formula for sample size calculation and 
systematic sampling methods were deployed to determine intervals and representative 
sample. The Slovan’s formula at 95% confidence level was used in obtaining the sample 
size (Cauvery, et al., 2010; Kothari & Graig., 2014). A sample size of 316 households 
was determined for site A out of 1500 household study population and the sample size of 
324 households was determined for site B out of 1703 household study population 
(Kasiuleviþius et al., 2006).
Sample Selection Criteria for Intermediary groups and Buyers   
By using the stakeholders’ analysis, sixty two (62) relevant stakeholders outside the case 
study sites were identified. These included major water users and buyer industries (e.g. 
water bottling companies), water utilities and sewerage companies (e.g. DAWASA and 
DAWASCO) and the Government regulators. Heterogeneity sampling that is sampling 
for diversity was used to capture a range of perspectives and to ensure inclusion of all 
opinions or views (Kothari & Garg, 2014; Upagade, 2010; Cauvery, 2003). Therefore, in 
order to get a broad spectrum of ideas, the sample was selected basing on inputs, 
regardless of the geographical location of the respondents. The predetermined criteria for 
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professional expertise ensured inclusion of experts from key sectors, namely; water 
sector, environment sector, forest sector and agriculture. The sample was worked out in 
consultation with informants in the project areas including the District Executive 
Director, Water Basin Office and selected personnel from the Regional Administrative 
Office. Snowball sampling was employed to identify additional stakeholders through 
respondents who knew other relevant stakeholders (Tumwebaze, 2016; Cauvery, 2003). 
3.3 Preparatory Activities 
The field staff prepared field logistics and materials for the counterparts at the field level. 
Preparations involved the identification of tools, methods for data collection and key 
stakeholders. The informants assisted the planning team in the identification of additional 
information about the large group of the stakeholders. Field team members were 
identified, assigned clear roles and responsibilities and trained. The team comprised 3 
field research assistants who were selected basing on their training background and 
competence (Magigi, 2013; Passeron, 1991). The team worked under close supervision 
of the researcher. The research team was responsible for conducting field tasks, literature 
review, preparation and administration of the IIQs and assisting in data processing and 
reporting.  The core research team was supported by local members at the sites (e.g. PES 
field coordinators). 
It was vital to acquaint with the team in order to ensure their correct perception, creativity, 
and training relating to the task ahead. The field counterparts were also trained onsite 
prior to execution of the work. The training covered fieldwork aspects such as sample 
population, objectives of the survey, methodology and tools for conducting the survey, 
IIQ administration and techniques for providing elaboration on question from 
respondents. The training clarified the objectives of the study and tasks for individual and 
team members. Additional preparatory activities involved site visit by the research team 
to familiarize and introduce the study objectives and scope to the communities namely 
the conserving stakeholders to acquaint with conservation program activities and meet 
the local Government and program officials. During these visits, the research team 
conducted pilot studies for sites, the piloting data collection and trainings on data 
collection procedures.  
524426-L-bw-Baya-SOM
Processed on: 21-9-2018 PDF page: 74
Chapter 3: Exploration and Understanding 
52
 
Key information regarding field focal persons was obtained from written records and 
initial consultations conducted by the team. The selected stakeholders were invited or 
notified through letters of intention, phone calls and electronic communication, 
appointment setting and visits. The focal persons who were contacted included 
coordinators from the donor group, local Government officials and heads of departments 
working closely with PES schemes. 
3.4 Data Collection Methods and Analysis 
Data Collection Methods 
This section presents the different methods used for collecting data during the exploratory 
studies. (Annum, 2015) defines research methods as fact finding engagements. Both 
primary and secondary data were gathered from various sources using different methods 
and tools.  The research instruments used are presented and elaborated in the paragraphs 
below: 
Literature review of secondary sources was conducted in order to enhance the general 
understanding of the basic facts on the proposed research problem, establish baseline data 
on the pilot PES case study sites ‘A’ & ‘B’ and to get an overview on regional and 
international PES schemes. The reviewed materials included relevant books, research 
works namely, PhD theses and expert publications, journals & project documents, 
workshop proceedings, evaluation and monitoring reports, and relevant regulatory 
instruments such as policies & laws as well as internet surfing.  
Situational analysis was conducted in order to enhance understanding of the issues on 
the case study areas. Situational analysis and Logical Framework Analyses (LFA) were 
used in watershed problem identification and characterization. LFA provided an insight 
on the cause and effects of the identified study problem. (Ngailo, 2010; Magigi, 2012) 
argue that LFA is an aid to the thinking process, research planning and design. 
Participatory Rural Appraisal (PRA) was an extremely useful tool because the 
exploration phase involved observations around the proposed study sites.  Thus, PRA 
enabled the researcher to interact with the community in great details and helped to gain 
a better understanding of the interaction of watershed related issues, such as; institutional, 
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regulatory and governance, games and sports, and art and craft issues in the PES schemes. 
Further, these interactions improved the understanding of the context, within which 
watershed management system operates, as well as institutional involvement and 
interplay in the context of PES scheme implementation. It was realized that the 
interactions between research team and the community created doubts among 
stakeholders on the motive of the study. Therefore, on occasions, the researcher attended 
various events and meetings as well as informal interactions at the communities including 
sports, games and social events at the village to build rapport and give correct information 
to the community members (Tuli, 2010; Mbeyale, 2009).  
Stakeholders’ analysis was conducted in realization that they have a powerful bearing on 
the outcome of the intervention (Grimble and Wellard, 1996). (Dubey et al., 2014) also 
argue that stakeholder analysis can be used to identify and assess priority, needs, goals 
and requirements of actors that may significantly influence the success of intervention 
under implementation. Specifically, this study used this tool in the identification and 
assessment of the key stakeholders at various stages of the exploratory activities, other 
parties involved conducting research in the same area of interest, policy makers and 
enforcers, and intermediaries between them. It was further used to ascertain stakeholders’ 
perceptions about issues, interest, power, influence and priorities; and grids were 
developed to identify who matters in this study. The results will be presented in the 
subsequent sections. 
Ancillary Research Tools were used to supplement data collection during exploratory 
studies. These include data collection table matrix, earth resources mapping and 
photographs. The researcher developed a data collection matrix table and used it to guide 
the design methods and type of data and information collected. In addition, use was made 
of geographical information system (GIS) and geographical positioning system (GPS) to 
collect geographical coordinate data and drawing of the map of the area. Also, spatial 
data was collected using GPS and GIS as appropriate and photographs were taken to 
capture meetings, workshop and geographical features. The research also applied 
Mendeley Desktop; a computer based referencing application for all the literature sources 
used by the research. Mendeley Desktop developed by Elsevier, version v1.17.12 of 2008 
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helped during searching, managing, filtering and sorting the reference sources as well as 
in formatting the references in APA style.  
Information Input Questionnaire (IIQ) was designed to stimulate responses from 
respondents for the purpose of collecting data and information. The design was based on 
target respondents and an observation protocol which included separate IIQs containing 
structured and unstructured questions for study groups. Scaling techniques using the 
Likert scale (0 - 5 score) were used in formulating the IIQ (Leedy and Ormorod, 2001). 
(Kothari and Garg, 2014; Chakraborty, 2012; Rwegoshora, 2006; Dooley, 2003) 
emphasize on the effectiveness and accuracy that is minimum bias and error of the IIQ 
tool. Thus the IIQ was piloted and pre-tested before use and prepared in Swahili and 
English languages to accommodate bilingual users. A pilot study was also undertaken for 
pre-testing the IIQ and then edited in the light of the result of the pilot study in order to 
minimize variations in answers. Then IIQ was administered to 474 households, 62 key 
individual persons (stakeholders) and institutions (i.e. 84% of the targeted IIQs and 16% 
of respondents were not reached during the study). The field team was available to make 
clarification on IIQ and speed up collection of the filled IIQs. 
Focus Group Discussion (FGD) was used in data collection during exploratory studies. 
The team used FGD method to engage in direct dialogue with stakeholders in order to get 
the needed information from them (Met trick, 1993). Dooley (2003) argues that FGD 
maximizes trust and cooperation between interviewer and interviewee. FGD also 
decreases refusal and permits questioning on more intimate topics. FGD involved further 
selection of participants who possessed similar backgrounds such as conservers group, 
regulators, project coordinators or PES researchers as well as the ability to express a range 
of views which stimulated discussions. FGD helped to build a relationship with the 
community and improved communities’ awareness on the motives of the study.  
Data Analysis
Through a triangulation approach, the study generated both qualitative and quantitative 
data. Data collected was summarized, coded, cleaned and analyzed using the Statistical 
Package for Social Sciences (SPSS) version 20. In addition, the researcher used the 
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content analysis method in analyzing qualitative data (Stemler, 2001; Tuli, 2010; (Orodho 
and Kombo, 2002). 
3.5 Presentation of Findings  
Muheza, Tanga Region (Site “A”) 
Location: This site is located along the Eastern Usambara Mountains, Amani and 
Bwebwera Divisions in Muheza District Tanga Region about 50 km west of Tanga 
Municipality. The hydrological system of the area consists of Kihuhwi and Zigi River 
which is perennial, rising in the East Usambara Mountains at an elevation of about 920 
m above sea level with four tributaries namely, Nanguruwe, Kihuhwi, Kwekuyu and 
Dondwe. The basin area is about 1,050 km2 with a population of 1500 inhabitant 
households in the five villages (Kanuni et al, 2013). A map showing the geographical 
features including hydrological and drainage patterns and features of the area is appended 
to this report (see Fig 3.1 - Appendix A). 
PES scheme: A pilot scheme was initiated in 2006 by Care-International. As a private 
PES scheme it is being implemented, focusing at reducing upland community poverty 
and vulnerability, and promoting increased quality and quantity of water supply as well 
as the interrelationship between the upstream sellers and downstream services 
beneficiaries.  
In this PES scheme, the downstream water users, namely Tanga-UWASA & Simba 
Cement Company make payments to compensate upstream land managers in 5 upstream 
villages (Kwaisaka, Bombani, Shembekeza, Mashewa, and Kimbo). Funds are paid to the 
land managers who have organized themselves into a group known as UWAMAKIZI 
conservation group (i.e. an association of conservers group which deals with land and 
water conservation activities – see group organogram in Appendix C). This group was 
established when the PES pilot phase started in 2004 and has continued to be a permanent 
organ in the project conservation area.  
The funds are used to support such conservation activities as livelihoods and equipment 
in the catchment. In order to sustain the payments, conservers have been confined to 
specific programs which are perceived as important to private PES scheme activities and 
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those which have potential for producing measurable results with a focus on additionality. 
These programs include the garden group programmes which encompass preparing tree 
nurseries and maintaining seedlings of various tree species for sale and water sources 
protection programmes which include regulating access and allocating points far-off from 
rivers for human activities. 
At site “A”, conservers host competitions for art and crafts together with games and sports 
activities among youths. These are conducted on a routine basis and rotate among the 
villages. These competitions aim to invigorate the conservers’ morale, enhance social 
interaction and propel sharing out information on experience on various conservation 
activities. These games are organized and regulated through village administration rules 
which include that; (i) players must be permanent members of the sub-group and resident 
in the participating villages, (ii) the youths must be of an appropriate age category, (iii) 
winners and run-ups receive rewards to motivate competitions. The rewards can be in the 
form of cash or goat for the team to slaughter and eat the meat at their private 
arrangements. Competitions were observed as powerful tools for mobilizing community 
participation and the sharing out of information on experience on conservation activities. 
Uluguru, Morogoro Region (Site “B”) 
Location: Site B is located within the Uluguru Mountain ranges in Morogoro Region in 
the Eastern part of Tanzania. The elevation is 500m above sea level and an annual 
precipitation exceeding 2000 mm. About 1700 inhabitant households and homesteads 
reside in the five villages (Keung, Laze, Lozenge, Daimio and Niangua), in Kibungo-Juu, 
Uluguru Mountains area. Rainfall is captured in a complex network of streams that join 
to from the Ruvu River, which supplies water to over four million people downstream, 
mainly in Dar-es-Salaam, Kabana and relating industries. A map showing the 
geographical features and river network and drainage patterns is presented as part of this 
report (see Fig. 3.2 - Appendix B). 
PES scheme: The scheme was initiated in 2006 by Care-International to promote 
watershed management by linking downstream water users that is, the Water Supply and 
Sewerage Utility (DAWASCO) and Coca Cola Kwanza Ltd. located in Dar-es-Salaam 
city and the upstream sellers. In this pilot PES scheme, the downstream water users, 
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namely DAWASCO & Coca-Cola Kwanza Ltd made payments to compensate upstream 
land managers in 5 upstream villages of Keung, Laze, Lozenge, Dimilo and Nyingwa 
villages of Kibungo-Juu ward. Funds were paid to the land managers who have organized 
themselves into a group known as KIKUNDI MTANDAO conservation group (i.e. an 
association of conservers group which deals with forest management and PES activities 
in site B. Refer to group organogram in Appendix C). This group was established when 
the PES pilot phase started in 2006 and has remained in the area after project closure. 
PES programs for site B closed out immediately after the donors pulled out in 2012. 
3.6 Site A & B: Summary of Exploratory Field Findings and Analysis 
This section presents the main findings from the exploratory work of field operational 
activities in which PES stakeholders collaborate and make collective decisions in the 
management of PES schemes. These findings cover the results from the two case study 
sites (A & B), as well as from the 62 key stakeholders. Exploratory findings show that 
there are similarities and some differences relating to site A and site B in the type of 
activities, services, products and social services and amenities in terms of residential 
patterns, road infrastructure and communication system.   
Site “A” – Muheza, Tanga 
Settlement pattern and services 
These settlements have households and homesteads located in the outskirts of the Muheza 
Township. Households are scattered at the spacing of an average distance of 30 -100 
meters apart, amidst smallhold farms around the homes. Site A is located in areas that 
have passable roads of earth and gravel finish standards and vehicular transport is 
generally available and reliable. Communication system and power supply are available 
but coverage is still inadequate as the power lines are remotely located. The settlements 
receive limited telecommunication services, where telephone and internet networks are 
generally poor. The most used communication system is physical visits, passing 
information through pupils and students in schools and the use of mobile phones. In rare 
occasions mobile phones are used effectively. Even so, the use of mobile phones is 
handicapped by limited bandwidth and network service in the area. More often, service 
users need to travel long distances to get reliable network connections. The physical 
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services include markets platform which are limited and currently exist in a deplorable 
state. The ecosystem services in site A were presented in the previous sections (2.2).  
Conservation activities and products
The communities at site A have been organized into groups at the sub-village levels with 
specific functional names and specific activities (see organogram in Appendix C).  The 
specific groups and activities for site “A” include; (i) Terrace construction group (also 
known as Makinga Maji) responsible for construction of terraces along the river in order 
to control and prevent soil erosion in steep hills and to control sediment loading into the 
rivers, (ii) The River conservation group (also known as Mtoni) responsible for the 
protection of the streams in the catchment areas to water usage and cleaning up of the 
streams, (iii) Gardening group (also known as Bustani) responsible for the preparation of 
seedlings, gardening and tree planting, (iv) Forestry group (also known as Misitu) 
responsible for protection of forests from destructive and illegal activities and practices 
and (v) Arts/craft and games (also known as Sanaa na Michezo) responsible for 
coordinating and organizing sporting events and activities, as well as promoting 
environmental awareness  through sports, games and entertainments.  
Local administration and organisation 
UWAMAKIZI group is the apex group for site “A” and is organized into five different 
sub-groups. Each sub-group is responsible for specific activities, distributed in all the five 
villages of Bwembwera and Amani Divisions. These groups are graded starting from 
lower, middle and upper level groups. The lower level group is the operating unit dealing 
directly with conservation activities. The middle level group deals with management 
issues and is responsible for reporting to upper level of the apex group (UWAMAKIZI). 
The middle rank group is responsible for the preparation of working plans, budgets and 
reports including all matters emerging from all the lower rank groups in all villages to the 
higher rank group. The top rank or apex organ – UWAMAKIZI, monitors all the activities 
that are conducted by all groups of the five villages. Every group has its leadership system 
that monitors all the activities and is responsible for all technical issues at higher levels 
including signing contracts, management of group resources, trainings and hosting of 
seminars. The products generated from the livelihood and conservation activities include 
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agricultural produce such as banana, mango, guava, peaches, apples, maize, cassava and 
vegetables.  
Site “B” – Uluguru, Mororgoro 
Settlement pattern and services 
These settlements have households and homesteads scattered at the spacing of a distance 
of 50-200 meters. Site B is located in a remote mountainous area and with hilly landscape 
and undulating topography posing a challenge to road construction and the transportation 
system. The roads in the area are poor mainly earth and gravel below standard and are 
often impassable. Communication system and electricity supply are unavailable or 
available in limited capacity. Site B is remotely located and currently receives limited 
telecommunication service, where telephone and internet networks are generally poor. 
The most used communication system involves physical visits, passing information 
through pupils and students in schools and the use of mobile phone in rare cases. Even 
so, the use of mobile phones is handicapped by limited bandwidth and network service in 
the area. More often, users need to travel long distances to get reliable network areas to 
be able to connect and communicate.  
Conservation activities and products
The ongoing activities were initiated during the implementation of the pilot PES scheme 
in the area. The communities at site B have been organized into various groups after the 
PES scheme closed-up in 2012. These include (i) livestock husbandry group also known 
as Ufugaji; (ii) environmental conservation group also known as Utunzaji Mazingira; (iii) 
SACCOS group also known as VIKOBA and (iv) social network group also known as 
KUWAKUVYAMA. The exploratory survey which focused on the evaluation showed 
achievements as well as challenges and lessons learnt from the closed pilot PES scheme. 
Some of the selected inputs to the study include PES scheme design and administration, 
compensation and sustainability arrangements.  
Local administration and organisation 
KIKUNDI MTANDAO was the apex group for site B organized into five different sub-
groups each having specific activities, distributed in all the five villages of Kibungo, 
Lanzi, Nyingwa, Dimilo and Lukenge of Kibungo-juu Ward.  These groups follow a 
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similar administrative structure which provides for specific mandates, duties, 
responsibilities and reporting lines. Every group has its leadership system responsible for 
monitoring of the activities and engages in technical issues at higher levels like signing 
contracts, management of group resources, organizing trainings and hosting of seminars 
to members.  
Case study sites A & B showed similarities in their institutional arrangements on which 
PES schemes hinge and are administered during the implementation. The administrative 
arrangements include the apex organs of UWAMAKIZI and KIKUNDI MTANDAO, 
village and sub-village structures. Additional similarities involve the use of the 
Memorandum of Understanding (MoU) and ES buyers are the driving force for PES 
scheme to be viable.  The buyers included TANGA UWASA and Simba Cement for site 
“A” and DAWASCO and COCACOLA Kwanza for site “B”. These use the local statutes 
to guide the governance of the operations.  The strength of the PES schemes depends 
mainly on the willingness of the potential water users to pay for the ES as water 
commodity based on an effective compensation scheme. 
This idea was supported by water sector stakeholders who asserted that water users should 
pay for the water consumed in order to support conservation efforts upstream. In addition, 
the stakeholders urged government to ensure that existing institutional frameworks 
should support the adoption process for PES policy in the country.  A number of 
challenges were also noted and included lack of awareness on the PES issues for 
watershed management, lack of PES policy and unpreparedness to adopt PES policy, lack 
of motivation for conservers due to non-existence of an effective compensation scheme, 
unclear roles and responsibilities, lack of motivation to all actors in PES scheme and weak 
law enforcement.     
Stakeholders Responses 
The summary of responses from the stakeholders’ interviews and consultations are 
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3.7 Discussion of Findings 
The following discussion is based on the key exploratory findings presented in Table 3.1 
focusing on the main issues derived from the case studies of PES schemes. 
The Need for Awareness Raising on PES Schemes  
The results presented in the summary above with an average of 49.45% of respondents 
show how that many beneficiaries were not aware of PES schemes. It is therefore vivid 
that PES intervention is a new concept in Tanzania. The concept is relatively new and 
emerged only in recent years. There is the need to enhance community awareness 
programs in order to facilitate adoption and integration of PES schemes in the policies of 
the country. Literature and exploration show that the situation is aggravated by the fact 
that there are currently limited successful stories on PES schemes in the country. 
Nonetheless, literature further shows that while PES is a practical concern, the integration 
of the collaboration arrangements are poorly understood in designing an effective PES 
scheme. Furthermore, the exploratory findings on the case studies revealed a need to 
enhance understanding of the PES concept.   
524426-L-bw-Baya-SOM
Processed on: 21-9-2018 PDF page: 85
 Enhancement of Watershed Management in Tanzania using PESDES   
 63 
 
Since the PES concept is new in the country, dissemination of relating information among 
watershed actors and regulators is necessary. The researcher sees the need for 
stakeholders being facilitated to access reliable PES information.  Further, considering 
the remoteness of the catchments and the limited access to PES documents, the situation 
is prompting for a facilitation mechanism to enable easy access and for stakeholders to 
be able to reach out to one another through information sharing.  211 out of 218 
households interviewed (75% of the respondents) said that poor infrastructural facilities 
hampered smooth implementation of PES activities in site A. (Ndwetewio et al., 2013; 
Lexian, 2002) underscore that watershed management must be gender sensitive and ought 
to incorporate basic services and social infrastructure. Apparently, only 86 women out of 
218 (39.5%) are aware of and participate in PES activities and decision making regarding 
conservation activities. The reason for low participation of women is partly due to the 
men’s dominance. From these findings, it is clear that stakeholders are not sufficiently 
aware of the PES concept and its merits. The study therefore focused to facilitate 
promotion of general awareness among watershed stakeholders, professional 
practitioners and the general public on the merits of PES schemes for watershed 
management. 
The Need for PES Products Market  
The findings clearly indicate that land management practices generate products and 
services that are tradable. This is evidenced when the researcher came across clean and 
reliable water services and several livelihood supporting products, which could be sold 
to generate income for these conservers. (Darghout et al., 2008; Wunder, 2005; Pagiola 
et al., 2002; Lixian, 2002) argue that a PES scheme presents both conservation and 
livelihood activities that go hand in hand and are not separable.  PES schemes will always 
promote livelihood activities that generate agro-produce for use and sale, thus markets 
will be needed. Apparently, exploratory findings show that 133 out of 218 conservers 
(61.15%) holding livelihood products (e.g. agro-products) in case study sites lacked a 
market and some products went bad before being sold, and continue to experience poor 
marketing strategies of their products. In addition, the quality and quantity of water 
delivered is not clearly determined.  
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There is no fair compensation for water services and there are no clearly established 
markets where vetted sellers and buyers can agree on services and perform sales. The 
researcher sees clearly the limitations faced by a conserver’s community. Thus there is 
the dire need to facilitate dialoguing, products advertisements and market systems as well 
as information sharing to enhance marketing strategies for PES products. Further to the 
above discussions, it is vivid that providing means of determining actual value for PES 
services and products, providing marketing information and strategies would add value 
to PES actors and motivate participation in conservation activities. 
The Need for PES Information Communication Technology 
From previous discussions, the researcher noted that a PES scheme needs ICT to facilitate 
smooth operations. The researcher also noted that, effective stakeholders’ engagement 
depends on availability of an effective ICT infrastructure. The exploratory findings 
revealed that conservers are scattered and remotely located, hence their means to access 
appropriate services and technology and communication is hampered. Currently, the use 
of telephones has no capacity to connect to the internet service. This curtails ability to 
communicate PES information and routine communication.  
Responses showed that 119 out of 218 or 54.7% of the respondents at site A and 164 out 
of 256 or 64.2% of the respondents at site B have no smartphones for communication. 
From these responses, it is clear that watershed stakeholders face serious communication 
barriers, which affect their participation in PES scheme activities in watersheds. Further, 
the communication barriers also affect PES scheme activities as follows: potential ES 
buyers are not aware of the available commodities, sellers are not aware of the available 
ES markets, scheduled activities suffer from weak supervision due to limited 
communication and information sharing among stakeholders. Therefore, the study 
focused on developing mechanism to facilitate stakeholders to become more involved, to 
increase capacity to receive additional information and to be capable of communicating 
effectively on PES activities including decision making for watershed management using 
user-friendly ICT support systems.  
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Need for Delineation of PES Actors’ Roles and Responsibilities  
Watershed management must be well organized and managed to ensure that various 
stakeholders participate effectively in the planned and agreed activities. Their knowledge 
of local socio-economic, political and ecological conditions provides the yardstick against 
which proposed solutions must be measured. Also, the goals, problems and conservation 
strategies generated by stakeholders clarify what is desirable and achievable. Exploratory 
findings show that a number of stakeholders are involved in PES schemes. The 
stakeholders bring with them varied experiences, skills and competencies, which should 
be honored and tapped to support the implementation of PES activities. The study 
therefore focused on ensuring that the level of involvement, the specific roles and 
responsibilities of the actors are well defined.  However, at the planning stage the 
stakeholders will be expected to comment and provide their own input on how they think 
they should participate.  
Further, exploratory findings from case studies (site A and site B) show that; PES actors 
do not clearly understand their roles and responsibilities resulting in intra and inter sector 
conflicts. Specifically, 110 out of 218 (50.6%) respondents at site A and 125 out of 256 
(49.0%) respondents at site B confessed that they did not clearly understand the roles and 
responsibilities of various actors in PES activities. In order to clearly define the major 
roles undertaken in the conservation arena, that is site A & site B, the summary of roles, 









Processed on: 21-9-2018 PDF page: 88
Chapter 3: Exploration and Understanding 
66
 












Coordinate the CC/PSC, budgeting and planning for 
farmers’ groups, oversees group activities for the 





Receive plans and budgets from village level, receive 
reports from EC/PSC; participate in decision making 
and implementation, procurement, and review 





Prepare annual plan and budget after review from 
village level, monitor project activities, undertake 
secretariat functions, serve as signatories in contract 
agreements, coordinate fundraising activities and 




DPs:  WWF 
and Care 
International 
Offer technical and material support, coordination 
between buyers and sellers, monitor and evaluate, 
formulate by-laws and enforcement mechanisms, 
oversee conflict resolution, oversee conservation 












Land owner and provider, implementation and 
management of PES activities, by-laws formulation 
and enforcement, water source / catchment and 
boundary identification; convene public meetings 
and hearings, serve as focal point for PES buyers, 
conflict resolution, PES contracts witnessing, 
approve by-laws, scrutinize reports from village and 
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 ward authorities and submit to DC, DAS and DED, 
ensure security, land use planning, by-laws 






Registration of PES project, provide technical 
support, undertake monitoring and evaluation, 






Sellers’ compensation, monitoring and evaluation, 
contract compliance. 
Free riders 
e.g. the public 
Free enjoyment of the ecosystem services and 
contribute to the conservation of the ecosystem.  
(Source: Field Data, 2015) 
Need for PES Services Compensation Scheme 
PES scheme involves a business case whereby the sellers or conservers are compensated 
by the consumers that is buyers for efforts in carrying out conservation activities. In these 
case studies, the conservers (KIKUNDI MTANDAO & UWAMAKIZI) are compensated 
for ensuring water flows to downstream users being large water consumers e.g. 
DAWASCO, Coca-Cola, Tanga UWASA and Simba Cement). (Summerville, 2009; 
Wunder, 2005; Pagiola, 2004; Sarvy & Turpie, 2004) discuss PES schemes and argue 
that they involve voluntary transactions and contractual agreements between the two 
parties: the supplier and the buyer. In this case, the buyers needed assurance of increased 
water quantity and improved water quality, this is the “additionality” of the commodity 
(ES) and the supplier needed payments that are reflective of the value of the ES supplied.   
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Basing on the findings, the compensation for sellers in PES schemes in site A and B, 
faced technical and administrative challenges. In addition, the practice is hampered by 
inadequate capacity among stakeholders and ill-design in the project which did not 
provide for clear and fair determination of the “additionality factor”. For instance, 183 
out of 218 (84%) respondents at site A and 221 out of 256 (86.5%) respondents at site B 
said PES services were not fairly compensated and payments delayed. The underpaid 
conservation efforts due to inadequate information on the additionality impaired 
stakeholders’ morale, thus leading to lack of commitment among conservers. Therefore, 
the study focused on facilitating the watershed ES sellers and ES buyers to be able to 
transact with adequate information for determination of the compensation in a manner 
that is transparent, fair and motivating.   
Need for Motivation in PES Schemes
Exploratory findings showed that, 152 out of 218 ( 69.9%) and 165 out of 256 (64.4%)  
the conservers from site A and B, respectively dropped out of conservation activities due 
to lack of effective engagement modalities in the conservation arena and inadequate 
support from various institutions including the government institutions. 
Further, the researcher observed groups of conservers which participated in various 
entertainment activities that enhanced collaboration and performance. Such 
entertainments included; sports, arts and crafts, and social works. These social activities 
motivate and bring people together and make them co-operate in PES scheme activities. 
From this observation, interview questions were developed to investigate deeper on the 
push factors for these activities and the impact of these activities in conservation 
activities. A total of 325 respondents out of 474 (68.6%) were of the view that they needed 
an element of competition in conservation activities among land managers that is 
competition among conservation groups within the watersheds. According to them, 
competition brings interactive culture among the actors and facilitates easy 
communication and regular scheduling of activities. Other benefits include helping to 
build good neighborhoods and influenced positive attitudes towards conservation 
activities, helped conservers to assess the types of the ecosystem services to be used in 
natural arts and craft designs. 
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In addition, the awards given to winners were a motivation to conservation efforts, as a 
means of bringing the various groups of conservers together to discuss conservation 
matters and collective decision making. Therefore, the study focused on impelling the 
importance of competition arrangements in PES scheme for watershed management.   
The researcher learnt that competition activities have power to propel mobilization and 
collaboration among actors and hence enhance interaction and promote morale in 
conservation activities. Therefore, the researcher undertook to establish suitable 
engagement modalities to incorporate these ideas in future conservation activities.  
3.8 Factors Affecting Collaboration in Case Studies 
Other exploratory findings are about the collaboration arrangements and the status of ICT 
use in the PES scheme. The researcher’s interest was to get a diagnostic view of PES 
scheme practice in order to find ways that are used by the conservers in carrying out PES 
activities as well as to identify needed ICT support to the conservation activities. The 
following were the exploratory findings:  
Collaboration and Operational Arrangements 
Site A is an active site, where conservers have assigned themselves active roles and 
responsibilities. Conservers have agreed on the way to work and govern collaboration in 
the PES scheme based on the adopted local statutes and agreed practices. These practices 
include democratic elections with leadership tenure, hierarchical representation and 
committees that oversee scheme activities, arranged meetings and seminars, division of 
labor and power separation. Others include observation of the rule of law and equity and 
gender balance in participating in scheme activities. The local statutes and constitutions 
generally created the basis for the establishment of operational guide.  The PES scheme 
in the study area A has adopted the local statutes that are inclusive of communities’ norms 
and forms of practices to manage resources. The study findings show that 267 out of 474 
(56.4%) conserver respondents like the practice as it brings conservers together to 
collaborate, however 137 out of 474 (28.9%) respondents perceived the adoption of PES 
scheme as an approach and government hidden agenda to displace them from their 
settlement areas in the near future. 
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Site B exploratory findings show that, actors of the conservation groups are dormant and 
infrequently undertake their duties and responsibilities due to the fact that the groups are 
no longer able to govern themselves in participating in conservation activities. The 
respondents admitted that, during the times when the scheme was operational, conservers 
grouped themselves with roles and responsibilities that were equally distributed and fairly 
practiced, the participants were highly accountable, transparent and efficient enough to 
effectively carry out their assignments. Other driving factors for collaboration include 
structures and systems for representation in committees, meetings and seminars, 
separation of powers, the rule of law, equity and gender balance, land rights, 
communication strategies and local statutes which generally created the base for the 
establishment of the operational guidelines. 404 out of 474 that is equivalent to 85.2% of 
the conservers supported the PES adopted by-laws suggesting that to a large extent, these 
local statutes have supported collaboration among conservers and enhanced the PES 
performance. 331 out of 474 (69.9%) respondents requested for better collaborative 
approaches, which enhance the conservation efforts. Further, the interviews revealed that 
land rights determined the collaborative arrangement among land owners. The Village 
Land Act 1999 allows the villagers to collaboratively own and develop land in their 
respective dwellings. The groups of conservers also have legal rights to land ownership 
and so effectively participate in conservational activities.  
Status of Application and Use of ICT  
The ICT used in sites ‘A’ and ‘B’ schemes mainly include network incapable telephones. 
Capability for management of ICT installations and facilities such as computers in PES 
scheme activities is inadequate and use is made of mobile phones. 233 out of 474 (49.2%) 
conservers admitted that the communication systems adopted by the scheme is catching 
up slowly and is therefore a challenge that needs to be addressed. The communication 
system was also assessed, where various communication channels were assessed against 
conservers’ preferences. The following results show the preferences of conservers as 
opposed to the modes of communications adopted by the schemes in both sites. 191 out 
of 474 (40.2%) prefer letter posting and transfer, 259 out of 474 (54.7%) conservers prefer 
telecommunication, 270 out of 474 (57.0%) conservers prefer public hearings and 237 
out of 474 (50.0%) respondents rely much on information received through students. The 
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students take messages to the parents who then share these with other stakeholders in the 
villages.   
3.9 Group Sessions and Consultations 
Group Sessions (FGD, Meetings and Workshop) 
The study used Focus Group Discussions (FGDs), consultative meetings and a workshop 
in group sessions to collect data and information relevant to the study.  
Focus Group Discussions 
FGDs were organized prior to literature review, piloting and field survey with IIQs. The 
analysis of the data collected revealed challenges in PES schemes in the following areas: 
self-governance of conservational groups, intermediary groups and buyers; contract 
agreements; enforcement of laws in schemes activities, knowledge on PES schemes 
arrangements, mechanism for motivation and compensation of conservation efforts, 
markets for deliverables from ES sellers  and infrastructural facilities such as access 
roads, telecommunication system, cultural attitudes including rigidness and sector 
interests and commands. All these challenges resulted in a complex and volatile 
environment for the operation of PES schemes in both sites.  
For the case study site ‘A’, the complex environment was a result of weak governance 
among PES schemes key actors including IGs, buyers, sellers, Government and NGOs.  
For the case study site ‘B’ the challenge was due to the collapse of the IGs. The analysis 
shows that, the weak governance for site ‘A’ and collapse of the IGs for site ‘B’ had 
logical root causes. The practical understanding of the root cause to this complex and 
volatile PES schemes environment required a shared understanding among actors from 
both schemes. (Tumwebaze, 2016; Magigi, 2013; Krueger and Casey, 2009; Rwegoshora, 
2006; Eliot and Associates, 2005) suggest that FGDs are a good interactive way of 
exploring complex issues, and help in gaining deeper insights on participants’ views, 
attitudes, beliefs and motivation as well as insights into the ways in which others 
influence individuals within the discussions exploring governance of PES schemes.  
The study adopted focus group methodology discussion in order to get a deeper 
understanding of the extent of weak governance related to IGs issues. The members of 
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the FGDs were carefully identified and selected according to ability to contribute in the 
discussions, relevant experience and expertise, availability for the scheduled FGDs, and 
familiarity and knowledge of the project areas. In addition, the FGDs were designed to 
address themes and were facilitated by using standard guidelines (Magigi, 2013; Eliot 
and Associates, 2005; Debus et al., 1986). The researcher also conducted situational 
analysis, enlisted and prioritized participants, made physical arrangements of FGDs 
venues, prepared discussion guides and built a rapport with the respondents. The size of 
the FGD members ranged from 6-15 participants.  The process involved one member of 
the research team who moderated the discussions, while the other members recorded main 
points from the discussions. The tools used in conducting FGDs include prepared 
questions, notebooks, pen and timetables. The meeting room was arranged in such a way 
that the facilitator maximized contacts with members and was supported with name tags 
and all agreed to respect the rules of the meeting.   
Arranged consultative meetings 
These meetings were arranged between the research team and targeted participants such 
as experts, PES focal persons, representatives from local government authorities and 
farmers groups. These meetings focused on information search and elaboration on 
specific issues. The meetings took place informally and formally at convenience of the 
participants. The size of the meeting ranged between 4-8 participants. The facilitation of 
these meetings followed normal procedures as described in FGD hosting. 
Workshop session 
Workshop as a form of FGD was used in group sessions and consultations. The main 
purpose of the workshops was to enhance the general understanding of the ways of 
thinking, governance, modeling and working of the IGs in PES schemes. 40 participants 
drawn from different fields of specialization attended the workshop. The workshop took 
place at the Giraffe Hotel Dar es Salaam. The hotel was selected because it met the 
requirements of a typical workshop venue namely, capacity for 40 people, spacious rooms 
for session breakouts, power point presentation facilities, catering services, central 
location for majority of participants and associated facilities and all services.  
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3.10 Findings and Observations from Group Sessions and Consultations 
This section presents a summary of the findings and observations from the group sessions. 
The presentation is organized into two parts, namely; the findings from FGDs and 
arranged consultative meetings. The main findings from FGDs include in depth clarity of 
roles and responsibilities of the PES schemes key actors such as IGs, buyers, sellers, 
Government and NGOs, project groups and committees, power delegation and leadership 
tenure and project management structure. The discussions were summarized in Likert 
scale ratings basing on the field experience of key actors on the ways in which the project 
actors think, govern, model and work on PES schemes. The rated stakeholders’ 
perspectives showed varied responses against the “pillars of governance”. The summary 
of scores and analysis is presented in Table 3.3 for case study sites ‘A’ and ‘B’. 
Triggers for Collaboration of IGs in PES Schemes 
From previous discussions, the major roles and responsibilities of IGs include ensuring 
effective contract agreements between ES sellers and ES buyers, overseeing PES 
activities, arranging meetings, engagement and law enforcement. The earlier field surveys 
revealed weak collaborative arrangement of IGs in ensuring effective deliverables in PES 
schemes. The weaknesses have root causes of poor watershed management which include 
non-binding contract agreement and weak enforcement of laws in schemes activities, poor 
knowledge on PES schemes arrangements, delayed and unsatisfactory compensations of 
conservation efforts, weak deliverables from ES sellers and poor infrastructure facilities 
e.g. access roads, telecommunication systems, cultural attitudes, rigidness and conflicting 
sector interests and commands. On exploring the causes of the challenges field 
respondents asserted that underperformances was the result of weak compliance by actors 
on the governance pillars including weak accountability, poor participation, 
ineffectiveness and inefficiency, lack of equity, fairness and transparency among IG 
representatives. 
The researcher therefore assessed (i.e. observed) the commitment of various institutions 
suh as IGs representatives participating in the implementation and management of PES. 
This assessment was done using selected assessors who comprised PES practitioners,  
PES field implementers and Local Government Authority (LGA) at ward level. The 
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assessed institutions comprised conserver groups, the committees of the conserver groups 
and Government participating institutions in the project. The assessment focused on 
institutional performance. The results of the assessment are presented in Table 3.3.  
The commitment of various actors was assessed using PES schemes stakeholders’ 
perception, obtained by scoring against the governance pillars of accountability, 
participation, effectiveness, efficiency, equity & fairness and transparency. In this 
method, small groups of full time PES practitioners from sites A and B were formed to 
undertake scoring which determined levels of commitment by individual stakeholder (i.e. 
institutions). The scoring and assessment approach was devised and discussed by the 
group at the session and assessment was conducted using the Likert scale (from 1-5), 
whereby 1 represented the minimum score or low level commitment and 5 represented 
the maximum score that is high level commitment. Each group member made scores, 
which were finally aggregated to obtain agreed group average scores. In order to address 
the bias during FGD, experienced group members were selected, participants agreed on 
the basic rules and discussions were conducted freely and facilitators observed 
impartiality. 
The FGDs discussion results on governance performance score of stakeholders and 
response analysis (Table 3.3) showed that the village government authorities that are sub-
village and village ward and district government had satisfactory participation and 
commitment in the implementation and management of PES schemes as shown in the 
scores from the range of 3-5 on the Likert scale. The successes noted may have been 
linked to factors such as the enabling environment due to the flexibility in Tanzania 
Village Land Act 1999, awareness and capacity. In the Land Act, the village council is 
allowed to merge land management plans with other two or more villages. This is a case 
in hand, where both sites managed to merge five village plans together to allow smooth 
implementation of a PES scheme. In addition, the farmers groups demonstrated strong 
ownership of the project after receiving training, which empowered them to adopt and 
support the project from the start of its implementation. 
On the contrary at site A, the participation and commitment of division authorities and 
central government in the implementation and management of PES was generally 
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assessed as unsatisfactory (see Table 3.3 scores range from 1-1.5). In the context of PES 
set-up, the division authority is responsible for coordination between LGAs and central 
government, by-laws enforcement, scrutinizes PES reports from village and ward 
authorities and submits to the District Commissioner, District Administrative Secretary 
and the District Executive Director. Central government, in the context of PES, is 
responsible for overseeing post closure activities. The results of institutional performance 
of the PES stakeholders for site A & B is presented in Table 3.3.  










SVA VA WA DC DA CG
Accountability A 4.5 4 3 4 1 1.5
B 3 2.5 2.5 1 1 2.5
Participation A 4.5 4.5 3.5 4 1 1
B 2 2 3.5 2 1 2
Effectiveness A 4.5 4 3 4 1 1.5
B 2 2 3 2 1 3
Efficiency A 3.5 4 2.5 3.5 1 1.5
B 2 2.5 2.5 2 1 2
Equity & 
Fairness
A 4 4.5 3 4 1 1.5
B 2 2 2.5 1.5 1 2
Transparency A 4 5 3.5 4 1 1.5
B 2 2 3 2 1 2.5
Number of observers for site A = 11 
Number of individual observations (N) = 66
Number of observers for site B = 9 
Number of individual observations (N) = 54
Key: SVA = Sub-Village Authority, VA = Village Authority, WA = Ward Authority, 
DC =- District Council, DA = Division Authority and CG = Central Government. 
(Source: Field Data, 2015) 
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The score range from 1-1.5 on the Likert scale is an indicator of low commitment by the 
CG group which includes members of the KPs & IGs in PES schemes implementation 
and management. This situation may have been linked to factors such as unclear roles 
and responsibilities as well as poor nexus among actors in PES schemes (Kanuni, 2013; 
Joshua, 2013, Lopa, 2012; Manasan et al., 1999). Literature review and field survey 
findings show that currently there is no national policy on PES issues. In addition, the 
study observed weakness in PES information flow from LGAs to Central Government 
authorities. The reason for such weakness was linked to inefficiency of PES information 
flow through division level to LGAs and Central Government. The researcher took an in-
depth study of both sites A&B to discern governance performance response assessment 
as presented in Table 3.3. Therefore, the study undertook to facilitate stakeholders to 
embrace their clear roles and responsibilities and to show commitment in helping and 
informing the Government about the solution proposed by the study towards adoption of 
PES schemes in watershed management in Tanzania. 
3.11 Generic Understanding of Collaborative Processes and ICT Application in PES  
Taking a broad view of findings is vital and inevitable for valid public knowledge 
(Tumwebaze, 2016). The discussion in this section generalises findings of exploration 
and understanding of PES schemes in watershed management in Tanzania. 
As a recap, basing on the findings from the referred two case studies, focus group 
discussions and consultation sessions on what the PES actors largely encounter in the 
operations, it was observed that PES schemes management faces numerous operational 
challenges that involve a range of stakeholders who fall short of benefiting from effective 
collaborative processes and use of ICT application is lagging behind. The existing 
collaborative processes have been noted specifically to have the following weaknesses; 
limited application of ICT, low awareness regarding PES concept and its merits, lack of 
markets for the PES product impacting livelihood activities and communication among 
stakeholders within watershed and other interested parties on PES suffering from a 
number of barriers. Other weaknesses include lack of clarity of roles and responsibilities 
of actors in PES schemes resulting into conflict among PES conservers and stakeholders 
in other sectors, sellers of ES commodities being poorly compensated and lack of 
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motivation to conservers that is ineffective incentive systems and lack of impetus to boost 
participation in activities. In addition, government interventions in watershed 
management require application of ICT.  
In this research, the depth to which exploration was carried out involving cases and 
multiple stakeholders was aimed at substantiating generalisation of findings to 
collaboration and decision making in watershed management in Tanzania. The process 
of generalisation involved sieving out major problems from the literature and exploratory 
findings in chapter 2 and 3 and using logical framework analysis. These problems were 
logically assessed on a cause and effect relationship to cluster them into problem domains. 
The explolatory findings from case studies A & B showed a number of problems which 
are presented in Table 3.5.  
In analyzing  cause-effects of  the said problems some complexes were identified. The 
problem analysis provided the set of interlinking concepts which were used as part of the 
iterative process to aid structured and systematic analysis of the research problem and the 
anticipated solution (Magigi, 2015; Ngailo, 2010). The problem analysis showed that the 
interlinking factors (concepts) contributed into making PES schemes inefficient for 
governance of watershed ecosystem. On the other hand, the analysis allowed important 
questions to be generated and weakness to be identified. It improved understanding of the 
research rationale as well as the means through which research could be achieved. 
Further, the analysis showed that the challenges experienced in PES scheme translated 
into a number of effects which in the future could lead into unsustainable water resources. 
(Magigi, 2013) asserts that normally the relationship-arrows that interlink cause and 
effect can be converted into a series of hypotheses. The problem analysis was critical to 
the understanding of how best and what to consider while designing a solution to a 
research problem. The main problem areas identified included; poor collaboration, 
inadequate PES design and implementation, poor decision making and apathy among 
conservers. The problem analysis tree for the case studies is presented in Appendix P. 
The interests and concerns of the stakeholders were identified and the summary has been 
presented in Table 3.4. The 4 categories of the stakeholders in Table 3.4 were already 
identified in chapter 2 section 2.2. The purpose of this discussion is to show the link 
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between the categories of the stakeholders to the interests and concerns. The analysis 
shows that the 4 categories of stakeholders are also logically linked to the 4 viewpoints.  
 
Table 0.4: Stakeholders’ Interest and Concerns in PES scheme / Watershed.  
Stakeholder 
Category 
Interest and Concerns 
Ecosystem Service 
Sellers (Conservers) 
Poor and delayed compensation, lack of equity in payments, 
conservers’ fear of displacement by the government after PES 
scheme intervention, poverty vulnerability among conservers, 
delayed compensation, poor market for ES commodities, cost 




Poor delivery of ES, weak coordination of conservation 
activities, conservers’ resistance to PES ideology, inadequate 
PES knowledge regarding the design, poor planning of the PES 
committees, poor participation in PES schemes and 




Poor monitoring and evaluation skills, weak facilitation of PES 
schemes i.e. funds and tools, conservers’ resistance to PES 
ideology, inadequate PES knowledge regarding the design, 
poor planning of the PES committees, poor participation in PES 
schemes, stakeholders’ ineffectiveness and inefficiency, 
delayed compensation, dropout of conservers from 
conservation groups, lack of equity in payments, cost for 
forfeited opportunities not fairly compensated, and unclear 
roles of actors in PES scheme.  
Other Interested 
Parties 
Poor monitoring and evaluation skills, weak compliance 
enforcement, lack of transparency among stakeholders, 
demoralized workforce due to long return period, remoteness 
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of the conservation areas, communication network problems, 
outmoded inferior technology, poor nexus among actors, poor 
infrastructure in terms of power, roads and telecommunication, 
and. weak accountability. 
 
The findings from the exploratory set up, the presentation in Table 3.4 above and the 
experience of the researcher,  helped to classify the main issues from previous sections 
into four main viewpoints namely, sellers’ viewpoints, buyers’ viewpoints, intermediary 
group perspectives and other interested parties’ viewpoints.   The stakeholders’ interest 
and concerns were critically assessed according to interests and concerns which largely 
portrayed the need for enhanced awareness among actors, facilitation and incentives, 
conservation efforts, improvisation  of appropriate technology, enhanced participation 
among actors, markets for ES products and the need to provide administrative support to 
the stakeholders during activities. Table 3.5 presents the analysis of the 24 identified 
problem areas and their corresponding proposed interventions. The identified 
interventions were used in developing the corresponding viewpoints. Classification and 
naming was an exclusive choice of the researcher’s view in the context of the research 
questions, the study intends to address and be guided by logical analysis principles. 
 
Table 0.5: Analysis of the processes to present critical areas corresponding to the 
viewpoints. 
S/n Identified Problems Proposed intervention
Inadequate PES knowledge regarding the 
design 
Enhance awareness and technical support   
Inefficient compensation mechanism Institute a mechanism to facilitate 
Unclear roles of actors in PES scheme  Facilitation and administrative support  
Conserver’s fear of displacement by the 
Government after PES scheme intervention 
Diffuse fears through awareness 
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S/n Identified Problems Proposed intervention
Poor facilitation of PES schemes i.e. funds and 
tools 
Enhance facilitation of resources through 
conservation 
Poverty vulnerability among conservers Enhance conservation 
Weak coordination of conservation activities Improve coordination, facilitation & 
adminstrative support 
Conservers’ resistance to PES ideology Enhance awareness and technical support 
Poor planning done by PES committees Technical support & faciitation 
Lack of transparency among stakeholders Awareness and facilitation 
Poor participation in PES schemes Enhance collaboration 
Stakeholders’ weak accountability, 
ineffectiveness and inefficiency  
Facilitation awareness and technical support 
Poor monitoring and evaluation skills  Awareness, facilitation and technical support 
Weak voluntary compliance  Awareness, facilitation and technical support 
Poor market for ES commodities Improve market, facilitation and awareness 
Delayed compensation Improve payments systems, awareness and 
faciitation 
Lack of equity in payments Improvise mechanism, awareness  and 
techinical support 
Dropout of conservers from conservation 
groups 
Awareness and enhanced participation and 
incentives 
Demoralized workforce due to long return 
period 
Awareness and enhanced participation and 
incentives 
Cost for forfeited opportunities not fairly 
compensated 
Improve payments systems, awareness and 
facilitation 
Remoteness of the conservation areas and  
communication network problems  
Improvise appropriate technology, facilitate 
and technical support 
Outdated technology, poor nexus among actors 
and delivery of ES 
Awareness, facilitation and improvised 
technology 
Poor infrastructure in terms of power, roads and 
telecommunication, affecting delivery of ES. 
Improvise appropriate technology, facilitate 
and technical support 
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The  analysis in Table 3.5  depicts four important intervention processes which when 
grouped present characteristics that correspond with the  stakeholders’ viewpoints (Table 
3.4). These processes include: Membership support process,  Awareness enhancement 
process, Facilitation and incentive process and Conservation competition process. When 
these processes are effectively implemented in PES schemes and watersheds, they may 
significantly contribute towards addressing the identified problems in Table 3.5 above. 
These stakeholders’ viewpoints underpin the desire for a supportive environment under 
which PES operations is effectively implemented. The viewpoints relate to the envisaged 
processes such that; there is effective collaboration among actors and availability of 
information regarding access to markets of the farm products, as well as buyers getting 
quick access to ES outputs from trusted sources. The viewpoints also entails that 
conservers are fairly compensated, the IGs are able to build their profiles through 
knowledge sharing and are capable of using the PESDES to communicate and implement 
relevant national policies applicable in the watershed interventions. The specific nexus 
that exist between the viewpoints and processes are:  
The awareness process relates to the viewpoints through the envisioned facilitation that 
empowers actors with information and knowledge about issues associated with the PES 
schemes. Through this process the actors enhance their general understanding of PES 
issues. This process also involves PES knowledge generation and dissemination, 
documentation of PES activities, compliance and enforcement among actors, networking 
and information sharing; 
The facilitation and incentive process relates to the viewpoints through providing  
information to the sellers and buyers and stipulating their clear roles and responsibilities. 
This process also addresses the stakeholders’ concerns which constitute the viewpoints 
such as the need for reliable mechanism for determination of compensation for ES and 
mechanisms for opportunity cost forfeiture and PES resources mobilization; 
The conservation competition process provides a platform through which collaboration 
of actors leads to motivation for enhanced conservation activities. Also, the process 
involved monitoring and evaluation of PES activities; 
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The membership process facilitates actors to access PESDES through a registration 
process. This process also gives services and support to users when accessing the above 
processes. 
The use of payment for ecosystem depends on PES schemes which have a number of 
stakeholders who benefit from ES, and the delivery of the ES through PES schemes 
directly depend on how identified multi-stakeholders are committed to the PES scheme 
assignments. The study realised that the PES schemes have collaborative processes and 
are expected to apply information communication technologies for improved efficiency.  
Nevertheless, these four processes remain ineffective as long as the stakeholder is unable 
to collaborate with other stakeholders. This makes collaboration an essential element 
which is inter-related with the initial four processes. Collaborating is an important aspect 
in watershed management as per findings from both literature and exploration. It is also 
apparent that decisions made across these inter-related processes are decisions that matter 
(DTM) as defined by Keen and Sol (2008). They are complex, consequential, uncertain, 
non-reversible, non-avoidable and multi-actor. From exploration, the researcher also 
noted the importance of conservers in decision making processes because of the skills 
and experience they have in watershed management.  
From the above discussion, it is understood that watershed stakeholders may not always 
follow logical decision making processes like other decision makers, and yet they must 
make timely and effective decisions numerous times. Basing on the above understanding 
of decision making among stakeholders, the concept of decision enhancement of Keen 
and Sol (2008) is applied to the problem domain. Particularly, a Decision Enhancement 
Studio is highlighted as an appropriate mechanism for enhancing decisions made by 
stakeholders throughout their processes. The use of a decision enhancement studio, which 
starts from the lens that focuses on stakeholders in decision arenas and their decisions 
that matter (Keen & Sol, 2008) can enhance stakeholders to appropriately collaborate 
with other actors in the watershed management; in a streamlined process where 
stakeholders can be identified and their skills, qualifications and experiences used as a 
basis for collaboration (Tumwebaze, 2016). The approach of decision enhancement is to 
use technology not to replace or support decision making but to enhance and extend 
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decision makers’ capabilities (Keen & Sol, 2008), which in essence takes care of 
ecosystem conservers’ local salient knowledge and experience. 
Therefore, the approach of a suitable DES is to use technology to improve collaboration 
and enhance decision making in PES schemes in Tanzania. This study proposes a 
development of a Payment for Ecosystem Services Decision Enhancement Studio 
(PESDES). The design and considerations of the studio and its suites are presented in the 
next chapter.  
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CHAPTER 4: PAYMENT DECISIONS FOR ECOSYSTEM SERVICES 
ENHANCEMENT STUDIO (PESDES)  
The abstraction of the empirical descriptive model of the research problem in the 
previous chapter gave insights for the compilation of the requirements for the artefact 
development presented as a descriptive conceptual model. In this chapter, a design of the 
artefact considering the compiled requirements discussed in chapter 3 is undertaken. The 
design of the artefact departs in orientation from problem formulation to problem solving. 
As envisaged, the design of the PESDES involves virtual environments in which people, 
processes and technology are brought together to improve collaboration and enhance 
decision making using suites and services. In section 4.1, the researcher presents the 
Payment for Ecosystem Services Decision Enhancement Studio as a prescriptive 
conceptual model. The other sections present the PESDES using the “ways of” 
framework, section 4.2 presents the way of thinking, section 4.3 describes the way of 
governance, section 4.4 demonstrates the way of modelling, section 4.5 describes the way 
of working. Section 4.6 presents the PESDES use through case elaboration and 
visualization of the interaction between the actors and the PESDES.  
4.1 Design Overview of PESDES   
The objective of this chapter is to present the design of the Payment for Ecosystem 
Services Decision Enhancement Studio (PESDES) in terms of interventions to PES 
schemes services to help in the facilitation of conservers and stakeholders in enhancing 
collaboration and decisions relating to watershed management. PESDES is a studio-based 
artefact packed with suites of services to enhance decision making and facilitate 
collaboration among PES scheme actors. Wieringa (2014) argues that designed artefacts 
are intended to solve problems of stakeholders as well as providing answers to knowledge 
questions. Gregor & Hevner (2013) further argue that construction of socio-technical 
artefacts such as a studio is a purposeful intervention for helping people to overcome their 
socio-economic challenges. The research focused on addressing a real-life problem 
through purposeful interventions with the objective of making a contribution to 
knowledge (Van de Ven, 2007; Gregor & Hevner, 2013). 
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Throughout the exploration and abstraction phases, deeper understanding was gained of 
the challenges conservers and stakeholders face in their collaboration and decision 
making processes in the implementation of PES schemes in watersheds.  New ideas and 
concepts relevant for building the proposed PESDES were also gained as discussed in 
section 3.11, from which the considerations for the design of the PESDES have been 
adopted. PESDES is specifically expected to function through four main processes which 
were described in chapter 3; namely: awareness process, facilitation and incentive 
process, conservation competition process and membership support process.  
In section 1.4, the concept as well as importance of ICT and DES in solving complex 
problems was explained. Notably, the importance for application of technology in 
watershed management interventions has also been underscored. Keen and Sol (2008) 
instituted decision enhancement following a studio-based approach as an improvement in 
the decision support systems research field focusing on ill-structured and complex 
decisions that matter. The concept of a studio is defined as a facilitative, interactive 
environment or shared space or forum designed around a process or processes, that 
contains a set of integrated tools/technologies enabling stakeholders (people) to 
interactively collaborate to generate and analyse possible solutions to a given problem 
(Keen and Sol, 2008).  Keen and Sol (2008) further explain that decision enhancement 
studios are (virtual) environments in which people, processes and technology are brought 
together to improve collaboration and enhance complex decision making in a specific 
domain.  
Studios facilitate decision making processes by providing a collaborative and interactive 
work space using suites (i.e. integrated sets of technology) and sets of guidelines. A suite 
of software services is the foundation for meshing technology and process (Keen and Sol, 
2008). Suites contain domain specific information and communication services, which 
form building blocks and support recipes for repeatable processes (Katumba, 2016; Keen 
and Sol., 2008). Studios and suites comprise of services to the people that make the 
decisions but not a technical product as is with decision support systems (Keen and Sol, 
2008).  
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The requirements stipulated in the four main processes together with the viewpoints for 
interventions presented in chapter 3 were critical factors that guided the design. The 
PESDES consists of four suites: the Membership Suite, the Awareness Suite, the 
Facilitation & Incentive Suite and the Competition Suite. Each suite contains services and 
recipes (Table 4.2) to be followed by stakeholders as they intervene to support conservers 
to enhance their collaboration and decisions on PES schemes. The PESDES is therefore 
based on the premise that a decision enhancement studio can be helpful in facilitating 
watershed conservers’ collaboration and providing decision making agility by 
considering the complex and volatile business environment in which they operate. 
The PESDES provides an environment for collaborative decision making and enables 
visualization of information about success stories and conservers’ best practices such as 
PES scheme design, methods for water sources protection, soil management to control 
sediments, water flow measurements and livelihood practices. Fig. 4.1 presents an 
overview of the PESDES and its corresponding suites as adopted and adapted from 
(Tumwebaze, 2016) and Sol’s perspectives of DES (Sol, 1982).  
 
Figure 0.1: Overview of PESDES 
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The PESDES is expressed by the underlying “ways of” framework namely way of 
thinking, way of governance, way of working and way of modeling (Wijers & Sol, 1989; 
Sol, 1988; Habinka, 2012; Amiyo, 2013). The ‘ways of’ framework is used to assess 
methodologies and articulate artefacts (Habinka, 2012; Amiyo, 2012; Katumba, 2016; 
Mirembe, 2015; Aregu, 2014; De Vreeds & Briggs, 2005).   
 
Figure 0.2: Perspectives of DES (Sol, 1982). 
4.2 “Way of Thinking” 
The way of thinking expresses the philosophical perspectives that are advanced to explain 
stakeholders’ collaboration and decision making processes in PES schemes in enhancing 
watershed management. It depicts the concepts and theoretical foundations to enhance 
collaborative arrangements among PES stakeholders as well as expressing the underlying 
philosophy. It deals with defining the specific tasks and activities among conservers. The 
PESDES is designed to provide actors’ guides to stakeholders and is aimed at expanding 
their tools for helping actors in PES schemes to enhance collaboration and decisions. 
Actors’ guides are scripts which enhance the participating stakeholders to get to know 
what to do in the process of collaboration and decision making. Actors’ guides are 
developed and stored in the knowledge base of the designed artefact as recipes for various 
actors in PES schemes and watersheds. 
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In light of this, the line of thought in this research is that the studio concept can provide 
an enabling and supportive environment for conservers and stakeholders to engage in 
collaborative decision making.  The PESDES integrates the perspectives of actors into 
four major inter-related processes of PES schemes management with an aim of guiding 
collaborative arrangements among actors.  
The way of thinking with the PESDES is based on the interaction of three major 
perspectives namely people, process and technology (Keen & Sol, 2008).  
In the PESDES design, “people aspect” refers to the influence of PES actors and the 
other interested parties in the schemes and as banded into the PESDES (Tumwebaze, 
2016; Keen & Sol, 2008). PES stakeholders collaborate in PES activities and processes 
frequently, but these arrangements have not adequately delivered the ES as envisioned. 
These challenges have a direct impact on their arrangement outcomes. In view of the 
aforesaid, the PESDES design considered enhancing collaborative arrangements among 
the stakeholders. And therefore, the design incorporated the people aspect as was 
observed on the ground as also guided by (Tumwebaze, 2016; Keen & Sol, 2008) 
considerations presented above.  
IGs are facilitators in the PESDES who come in to help conservers to enhance their 
collaboration and decisions using the actors’ guides which are provided by the studio. 
The PESDES with its actors’ guide works as a recipe to IGs as they guide conservers to 
perform collaborative decisions in PES schemes for watershed management. The 
researcher further noted that some stakeholders have an accumulation of vast skills and 
experiences in watershed management. The PESDES provides opportunities for sharing 
these skills and experiences amongst conservers and stakeholders. It provides a platform 
for enabling effective collaboration and communication which enhances a shared 
understanding on best and worst practices. The best and worst practices are documented 
and visualized in the studio for the benefit of all conservers and stakeholders.  
The studio environment enables engagement of key stakeholders: conservers, regulators, 
practitioners, ES buyers, IGs, local leaders and other interested parties namely local 
NGOs, village elders and family members in collaboration meetings to brainstorm on 
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planning in a bid to enhance PES schemes and watershed management. Specific tasks and 
activities to be performed by key actors are defined in Table 4.1. Group decision making, 
if well organized, could provide workable solutions to PES schemes and watershed 
management challenges because it takes advantage of  each one’s views and experience. 
According to Keen & Sol (2008), multi-stakeholder collaboration enhances knowledge 
sharing, increases commitment and translates into innovative and joint actions.  
In the PESDES design, the “technology aspect” presents the tools necessary to guide 
studio activities. The technology here encompasses the way users’ processes are parked 
in studio suites and guided to achieve the desired suites services. Suites consist of 
services, which form building blocks and support recipes for repeated processes 
(Tumwebaze, 2016; Katumba, 2016). According to Keen & Sol (2008), technology 
provides multiple types and levels of support to both people and processes focusing on 
sustainable PES schemes which determine the effectiveness of the watersheds 
management. Technology has the potential to support business strategies (Tumwebaze, 
2016; De Haes et al., 2013), but can only be beneficial if it is used as a tool, which can 
be adjusted to combine additional knowledge and experience and adopted within a local 
context (Timmermans, 2017; Aregu, 2014; Wade, 2002). In the case of this study, the 
enabling technologies for developing PESDES and which focus and meet the capabilities 
of the watershed conservers include; tools, hardware and software such as computing 
facilities, meeting supporting facilities (rooms, seating sets, LCD projector / screens, web 
and mobile technologies), catalogues and diaries. Specifically, technology provide a 
facilitative and collaborative environment which may lead PES actors to a number of 
benefits such as transparency among watershed actors, low overhead costs, provision of 
timely information, increased interaction among stakeholders, analysis and interpretation 
of PES information and enabling an improved regulatory environment (Tumwebaze, 
2016). 
In the PESDES design, the “process aspect” influences the likelihood of actors in PES 
schemes and watersheds to collaborate and make decisions effectively. Keen and Sol 
(2008) define a collaboration process as that process that has one and only one purpose 
of “making real impact for stakeholders in handling decisions that really matter in their 
sphere of responsibility”. The researcher’s focus was to improve on stakeholders’ 
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collaboration and decision making processes. These processes in PESDES involve 
sequences of steps or activities which should be followed to enhance PES schemes and 
watersheds management. In particular, the conservers’ collaboration and decision making 
involve processes such as; planning of activities that need to be agreed, decision methods 
to be used in selecting and prioritizing interventions, scheduling dates for meeting, 
consensus building regarding methodological and technological choices to be used in the 
field interventions as well as issues relating to determination of fair compensation and 
awards for competition winners. 
The exploratory findings showed flaws in the management of PES activites and decision 
making processes. In the study cases, stakeholders went through an inefficient process to 
be paid compensations and to be able to get information for markets for their agro-
products. These are critical decision making points of ES sellers and ES buyers in PES 
schemes and watersheds. These processes were the main focus of the research.  
The aim of the PESDES is to provide an enabling environment for stakeholders to 
collaborate and engage in decision making processes intended to improve watersheds. 
Specifically, PESDES enables agile processes for decisions through ensuring a 
combination of speed, flexibility, coordination, collaboration and innovation (Keen & 
Sol, 2008). These aspects have been integrated in the design through (i) responsive 
layouts for enhancing flexibility of PESDES web-based system, (ii) use of asynchronous 
requests and compressed images to speed up PESDES web-based system, and  (iii) 
integrated use of live charts, video calls and competition activities which enhance 
coordination, collaboration and innovation. According to Keen and Sol (2008), decision 
enhancement rests on interaction of people, process and technology together with their 






Processed on: 21-9-2018 PDF page: 114
 Chapter 4: Payment Decisions For Ecosystem Services Enhancement Studio (PESDES) 
92
 
Table 0.1: Actors in PESDES and corresponding roles 
ACTORS ACTORS’ CORRESPONDING ROLES
Administrator/Facilitator 
(e.g. system technician) 
x Setting up and running the PESDES, 
x Provide support to stakeholders who want to use the 
PESDES (i.e.handles inquiries of stakeholders),
x Conduct training on PESDES for actors (e.g. Sellers),
x Ensure the PESDES works and deliver the relevant 
services to stakeholders,
x Invite and train participants to use the PESDES, and
x Ensure active participation of all actors on the 
PESDES.




x Use PESDES for guidance during PES activities 
management,
x Participate in PESDES training,
x Participate in PESDES activities e.g. virtual meetings 
and networking,
x Update PESDES with relevant conservation 
information,
x Sell quality ES inputs in a transparent environment,
x Participate in networking on the PESDES suite, and





x Update PESDES with relevant information on land 
ownership and tenure, implementation and 
management of PES activities, bye-laws and 
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enforcement, water source and boundary 
identification, 
x Participate in PESDES activities e.g. virtual meetings 
and networking, convene public meetings and 
hearings,  serve as focal  point for PES buyers, 
conflict resolution, PES contracts witnessing, 
approve bye-laws, scrutinize reports from village and 
ward authorities and submit to DC, DAS and DED, 
ensure security, land use planning, by-laws 
enactment (Council Assembly) and approve 
development agenda, Review and update PES 
guidelines.









(WWF and Care 
International)
x Update PESDES with relevant information on 
technical and material support,
x Link PESDES users (buyers and seller) as referees 
for assurance and credibility of the partnership,
x Participate in PESDES activities e.g. virtual meetings 
and networking, PES contracts witnessing, advice 
and oversees the conservation activities, 
x Authenticate and verify documents submitted by 
actors,
x Implement Government policies on the PESDES 
among actors, and
x Participate in PESDES training and awareness 
programs.
ES Buyers (ESB) - x Purchase ES outputs from conservers,
x Participate in PESDES activities e.g. virtual meetings 
and networking,
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ACTORS ACTORS’ CORRESPONDING ROLES
 (e.g. Water processing 
companies and  
industries)
x Update PESDES with relevant conservation 
information, and
x Participate in networking on the PESDES suite. 
Knowledge Providers 
(KPs)
x Provide technical support to conservers e.g. 
watershed planning and linking ESS and ESB,
x Participate in training and awareness programs,
x Participate in PESDES activities e.g. virtual meetings 
and networking, convene public meetings and 
hearings,
x Draft clear roles and responsibilities for all actors,
x Facilitate collaboration among actors,
x Assess and keep inventory of relevant practices and 
knowledge of PES activities,
x Participate in facilitating conservation competitions, 
and 
x Review and update PES guidelines 
Other Interested Parties 
(OIPs) in PESDES
x Post, retrieve, view and share information on the PES 
and its management,
x Participate in PESDES activities e.g. virtual meetings 
and networking,
x Update PESDES with relevant conservation 
information, and
x Participate in networking on the PESDES suite.
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4.3 “Way of Governance”
The “way of governance” expresses the managerial aspects of the PESDES. Keen and 
Sol (2008) refer to this as the governance architecture, which may include guidelines, 
regulations and shared facilities. It further describes how various stakeholders interact 
and participate in the studio in order to enhance collaboration and decision making. 
Governance in service systems includes coordination, service frameworks, trust and 
controls. Because of the multi-disciplinary nature of PES schemes and management, the 
PESDES actors in Table 4.1 show diverse groups representing different organisations. 
This denotes the importance of measures and methods for managing related decision 
making processes.  
To ensure that the PESDES addresses challenges conservers and stakeholders face, 
quality control measures for regulating interactions between conservers and stakeholders 
are provided by the actors’ guides in the form of guidelines and recipes. Guidelines 
describe measures and methods for managing collaborative decision making processes 
(Keen & Sol, 2008; Kolfschoten & Vreede, 2006; Amiyo, 2012). 
The study identified and examined factors that should be observed in order to enhance 
collaboration in using the PESDES. These factors include; (i)  clear terms and conditions  
prior to admission, (ii) mutually beneficial relationships for all actors. (iii) actors will be 
admitted to the PESDES based on their registration status as sellers, IGs, buyers and other 
interested parties and qualifications to contribute to PES.  
In addition to the above factors, the Payment for Ecosystem Services Decision 
Enhancement Studio (PESDES) provides actors’ guides (Appendix N) to PES scheme 
administrators, facilitators and other actors to guide in the collaboration and decision 
making process for PES schemes and watersheds operations.  
The actors’ guides have been organized into thematic areas and supported with detailed 
recipes which present (i) start-up protocols for institutionalizing PESDES in watershed 
operations, measures and methods for; (ii) assessing status of watersheds flows in the 
field periodically, (iii) collecting and sharing information on marketing products, (iv) 
determining and validating “additionality value” for ES provided, (v) ensuring that 
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competitions are progressively and effectively managed to enhance conservation 
practices, (vi) ensuring portfolio of actors and program work coherently and efficiently 
and (vii) identifying and ensuring effective engagement of stakeholders. The actors’ 
guides also provide measures and methods for; (viii) ensuring collaborative, consensus 
building and decision making in watershed management, (ix) effective information flow 
between conservers and other stakeholders and (x) guiding application of ICT in order to 
facilitate the use of PESDES. Additionally, the actors’ guides also stipulate clear roles 
and responsibilities for actors in the watersheds. The construction of the actors’ guides 
offer links to main watershed activities, tasks of actors on the PESDES as well as their 
concerns and priorities as outlined in Table 2.1 and Table 4.1. The summary of major 
recipes and roles are presented in Appendix N.  
The interpretive analysis of the PESDES’ desired outputs and their relevance or 
contributions using the stipulated actors’ guides in the field are presented in Appendix O 
(Kombo and Tromp, 2006). Therefore, the analysis of the actors’ guides presented in 
Appendix O shows that if the guidelines and recipes are effectively used, they will address 
PES scheme challenges and help in the improvement of watershed management; with 
respect to enhanced stakeholders’ collaboration and decision making which consequently 
will trigger other associated benefits. These benefits include;  (a) enhanced stakeholders’ 
motivation and skills development, (b) facilitate  fair and timely payments by ES buyers 
to compensate ES sellers for the ES commodity sold, (c) promote efficiency and 
effectiveness in the implementation of PES scheme and watershed operations, (d) 
promote effective planning leading to improved transparency and accountability in 
watershed operations, (e) increase resource base through fundraising for supporting 
conservation activities, and (f) enhanced stakeholders’ participation through motivation 
schemes.  
Further, the actors’ guides have been validated for all water basins in the country and 
offer an overview of users, boundaries and the actors for required action, leading to 
enhancing collaboration among stakeholders and decision making in each area of 
intervention. The responsibility of ensuring compliance with the guidelines, and for 
updating them rests with the Ministry responsible for water affairs in collaboration with 
stakeholders (e.g. IGs and KPs). The review of the actors’ guides will be compelled by 
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changes of applicable laws and regulations in the water sector and when improvement is 
deemed due such as when it is needed to incorporate best practices and lessons learned.  
4.4 “Way of Modeling”
The “way of modelling” comprises the models and modeling techniques that are used in 
the application of the PESDES. Different models are used to classify and visualize the 
process steps and data flows of the various components within the PESDES. The PESDES 
actors’ guides form the guidelines for the application of the PESDES. A use case diagram 
is used to identify the actors in the PESDES and their roles. It further shows four different 
processes that take place in the PESDES namely: the membership, awareness, the 
facilitation & incentive and the competition (see Figure 4.3). The PESDES actors’ guides 
which provide step by step actions and recipes are contained in the knowledge base. 
Activity flow diagrams are used to demonstrate the flow of activities and processes 
followed when using the PESDES (see Appendix J-M).   
As a mechanism of enhancing collaboration and decision making, the study focuses on 
information visualization in the form of graphs, plots, spreadsheets, knowledge portions 
and pictures in the PESDES. Graphs and pictures demonstrate and visualize the findings 
from the assessment carried out and the actual decisions taken by conservers to improve 
PES schemes and watershed management. Graphs further summarize information and 
make it easily understood. 
4.5 “Way of Working” 
The way of working describes how planned interventions are to be carried out and how 
stakeholders interact and coordinate in the PESDES. It further articulates activities which 
need to be performed in the PESDES to enhance watershed management. The “way of 
working” denotes the steps that are followed in using the PESDES for collaboration to 
enhance decision making. The “way of working” further encompasses the design of the 
studio suites and their interaction, which embraces the three major perspectives of 
technology, processes and people in suite design by (Keen & Sol, 2008). The technology 
entails the steps in which the system information is coded and is incorporated to display 
unique and enticing appearance of the suites. On the other hand, the process is the 
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procedure for accessing the services within the suites and the people refer to the users’ 
aspect. Subsequent to the design considerations pointed out in section 4.1, and the “way 
of thinking” described in section 4.2, four suites were identified to provide the required 
functionality of the studio. In this regard, Fig 4.3 presents the flow diagram showing the 
suites and sub-suites of the studio designed.  
 
Figure 0.3: Overview of PESDES suites and sub-suites 
The sub-suites were derived from the list of challenges logically analysed from Table 3.5, 
whereby the identified operational challenges (i.e. desired interventions) from a PES 
scheme were transformed into intervention areas related outcomes which formed the sub-
suites for each corresponding main suite. Therefore, sub-suites were designed in such a 
way that they provide services and achieve the desired outcomes when implemented.  
PESDES suites and sub-suites further contain domain specific services (see Table 4.2), 
which form the building blocks and support recipes for the inter-related processes in PES 
scheme management.  Based on the generic understanding gained on PES scheme 
activities and from other stakeholders in the country, the PESDES proposes to contain 
the domain specific services prescribed in Table 4.2. These domains are intended to 
support collaborative decision making, which involves different people working together 
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towards achieving a common goal through free exchange of ideas to allow creation of the 
most innovative and strategic decisions (Konate et al, 2015; Kolfschoten et al, 2011). 
Within collaborative decision making, there are many processes and best practices that 
can be employed and shared to ensure the best outcomes.  
Table 0.2: PESDES Suites, sub-suites and domain specific services 
PESDES Suites and 
Sub-Suites




x Log in sub-suite
x Presents the terms and application of the PESDES,
x Supports a regulated environment by supporting formal 
registration of new users,
x Authenticates users through log in functions.
Awareness Suite:
x Live Chats sub-
suite






x Provides an interface for actors to engage in private chats 
and conversations, 
x Provides an environment where actors can hold virtual 
meetings, 
x Provides a portal for news and documentation of 
information on PES activities and management,
x Provides an interface for PES products marketing and 
corresponding services,
x Supports users to review their suppliers and offer feedback 
on product quality as well as after sales service.
Facilitation and  
Incentives Suite:
x Identity sub-suite 
x Roles sub-suite
x Provides interface for catalogues showing basin 
information, registered conservation groups  and their 
geographical boundaries, 
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PESDES Suites and 
Sub-Suites
Studio domain specific services
x Compensation 
sub-suite
x Provides real time information on apex groups i.e. 
organogram, calendar of meetings, meeting guides and 
database for group members,
x Provides interface for apex groups working plans and 
budgets, compiled field assessment reports and reports on 
the trend of change of the additionality,
x Provides catalogues showing lists of sellers and buyers, 
additionalities and the unit costs for the additionalities,
x Provides forms for types, amounts and supports solicited,
x Provides various contracts, abstracts, the contract 












x Provides panels for competition entry requirements, 
competition entry assessment and competition 
endorsement, 
x Provides panels for start-up meeting, follow up of activities 
and competition closure plan,
x Provides evaluation tools and indicators, competition 
monitoring and evaluation and competition guide/manual
x Provides a tool for tracking inputs and deliverables of the 
ES, 
x Technical support to guide formulation of competition 
forum and competition guide.
 
The studio provides the foundation for meshing technology and the processes that are 
presented in suites and sub-suites. The suites contain sub-suites which also provide studio 
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domain specific services as prescribed in section 4.1. The studio domain specific services 
enables watershed actors to collaborate and engage in decision making process. To 
achieve the functions of the suites and sub-suites, a series of steps are required. These 
steps determine the activity steps which users are required to follow. These steps are 
described and presented in the activity flow diagrams (presented in appendix J, K and L). 
These activity flow diagrams offer a way of presenting activities by enabling easy 
representation of the relationships between those activities (Dennis et al., 2012). 
Membership Suite 
PESDES contains recipes that are verified, adaptive and codified procedures that requires 
the authentication of the users before application. Therefore, PESDES is designed with a 
membership suite that necessitates entries of the users particulars prior to the 
authentication process in order to ensure determination of the identity, skills, credibility 
and domain expertise of the users of the studio. Further, the studio works effectively if 
and only if users in a collaboration and decision situation actually use them comfortably 
in their field of experiences. (Chin et al., 2005) suggest that the users’ information 
obtained during registration is usefull for validating the users’ identity, and therefore 
compells users to provide genuine information for official use. 
The accessibility to the  PESDES membership suite (see Appendix J & K) starts when 
the user gains interest to log in. The features of the membership suite flow diagram 
(Appendix J & K) contains a start cycle, function blocks, arrows indicating flow of 
activities and decision points.  This suite is designed specifically to facilitate registration 
(Appendix J) and logging in (Appendix K) for members. The flow of activities starts with 
searching the website, registering by completing the registration form and then logging 
in. Subsequently, the system allows the user to proceed to the dashboard to continue with 
the next steps.  
Awareness Suite  
It was noted that the majority of the PES actors are least informed about PES schemes in 
the country due to the fact that, they seldom keep records of the PES activities, neither do 
they have a platform to dialogue on PES issues nor a one-stop digital interface to advertise 
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and market PES products. Record keeping, a dialogue platform and digital marketing 
functions enhances information sharing for decision making and collaboration among 
actors. For these functions to effectively operate in order to support decision making and 
collaboration, they require systems that support data entry, storage dissemination and 
information sharing. From the above settings, the awareness suite is envisaged to facilitate 
access to PES information, support dialoguing initiatives and prompt transfer of PES 
information in order to improve collaboration and enhance decision making among actors 
and other interested users. This suite enables PES actors and other interested users to 
utilize four key services namely text messaging through live chats services, virtual and 
vocal sound contacting through video calls services, the potential to generate and post 
information through documentation services, marketing and promotion of PES products 
through marketing services. Further, the activity process of the awareness suite has been 
presented into sub-suites to enhance the understanding of the functionality of the suite.   
Field exploration showed that PES scheme practices in the country are still at nascent 
stages and people are less informed about their operations. Due to this, PES lacks a one 
stop display place where actors can initiate virtual discussions on the current issues and 
PES advancement in the country. Further, it was noticed that only few PES field experts 
are available and those lack platforms for consultation and networking, thereby hindering 
the broad live and virtual discussions.  
Live chat sub-suite: Through this platform, the chat records can be stored by the system, 
therefore the users will be able to view the previous records and have them updated on 
issues discussed on the current status, hence enhancing understanding of the matter and 
subsequent decision making. The chats messages and emails will be publicly accessible 
and viewable and records of the chats will be compiled and used in updating PES issues 
as appropriate. In this suite, users are expected to initiate chatting, discuss virtually and 
share out information on   PES activities.  
Video calls sub-suite: PES schemes are implemented in the watersheds, which cover 
large geographical regions. Equally, watershed stakeholders are distantly located apart, 
hence reaching out one another is challenging. Further, these stakeholders face a lot of 
challenges in communicating between each other due to the high communication charges. 
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In addition, they also face loss of resources in facilitating physical interactions between 
them and a lot of time is wasted.  Seemingly, these challenges have affected the 
communities in their collaboration among stakeholders in the area. The design desired to 
facilitate achievement of a system that will enhance virtual networking and improve 
collaboration of stakeholders.  
The design of the video calls sub-suite intends to address the high costs of operations of 
what was incurred as well as time wastage, facilitate communication and collaboration 
among distant players by capitalizing on the body language in messaging. The sub-suite 
will incorporate illustrations through drawings, pictures and schemes documentaries. The 
activity flow diagram of the video calls sub-suite contains the list of contact information 
of the registered members, the selected user contacts information and decision points to 
initiate video calls services. 
Documentation sub-suite: During exploratory interviews, various stakeholders admitted 
that they have no experience in PES activities. In addition, they reported that information 
on PES schemes in the country was scant. Basing on the aforesaid, the design of the sub-
suite addressed the above shortcomings by incorporating provisions that allow users to 
add information through the “add document” function, to edit their information in order 
to update it and make attachments of additional relevant PES information to be accessible 
to viewers and users. The sub-suite design envisaged to collect and allow the users to 
access and use the information as PES practices advance in Tanzania.  
Marketing sub-suite: The PES activities focus on improving water quality by facilitating 
actors to conserve water sources in the watersheds. But also the activities go hand in hand 
with livelihood activities by conservers which produce agricultural products mainly food 
crops and animal husbandry products (refer section 3.6). The livelihood activities involve 
subsistence farming and the use of proper land management methods including planting 
of trees, and agroforestry.  
The above land management practices generate products and services that contribute 
towards poverty alleviation. These products and services from PES interventions are 
tradable commodities but proper markets and marketing strategies are yet to be 
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developed. Further, it was noted that increases in the quality and quantity of the water 
flow (i.e. incremental values) have not been clearly determined, and therefore pose 
challenges in determining fair compensation to land managers by buyers namely, 
downstream water users. Subsequently, this component contains advertised products and 
promotion messages as well as buyers’ and suppliers’ profiles. The accessibility to the 
marketing sub-suite as in Appendix L starts when the user gains interest in accessing the 
products advertised by sellers.  
Facilitation and Incentive Suite  
Reality shows that organized groups such as apex organs and sub-groups are needed in 
PES schemes. The apex group manages the sub-groups in the watersheds. These sub-
groups under the apex group are responsible for specific tasks that are assigned by the 
apex group. The study realized that the apex groups require a certain level of organized 
information, which is readily available for sharing between sub-groups of the apex group 
and between the apex groups participating in PES conservation activities. Notably, the 
information flow within sub-groups and apex groups is a vital input through which 
experiences and lessons learned could be shared which adds value in the implementation 
of PES activities. Apparently, the study showed that the pilot PES schemes lack effective 
group management systems. Some of the shortcomings include lack of clear roles, work 
plan and systems to track performance as well as compensation mechanisms. Further, 
field findings show that, apex groups have PES information, which is relevant but 
scattered and cannot be easily accessed. 
Therefore, considering the above challenges, the need to address the challenge of 
scattered data by designing a system that would ensure: (a) effective management of the 
apex groups and sub-groups in order to improve collaboration and enhanced decision 
making, (b) having clearly defined roles, planning of activities and tracking of 
performance, and (c) effective compensation mechanism for land managers. 
Subsequently, the components of the designed suite contain three (3) sub-suites namely 
“Identity” sub-suite, “Roles” sub-suite and “Compensation” sub-suite in order to address 
the above challenges as presented in the subsequent sections. 
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Identity Sub-Suite: This sub-suite is intended to provide information about actors 
engaged in conservation activities in the watershed. Specifically, this sub-suite provides 
information on the group organisation, leadership, calenders of meetings and meeting 
guidelines. 
Roles Sub-Suite: This sub-suite is intended to provide information on the capabilities, 
roles and responsibilities for each actor in the watershed. This will enhance planning and 
access among actors thus improving collaboration and decision making.  
Compensation Sub-Suite: From the exploratory findings, it is clear that conservation 
efforts were frustrated by unfair compensation to land managers. Further, the assessment 
of the additionality for water as the commodity for trade could not be accurately done, 
thus causing low and delayed payments to the conservers. This sub-suite facilitates the 
process of determining fair compensation for the conservers upstream based on 
additionality values from actual field measurements of river flows in terms of quantity 
and quality. PESDES outlines key steps for conducting field measurements and how to 
calculate the additionality using a computer aided process of field inputs (see Appendix 
N, recipe B and Appendix O target B). For this process to be completed, baseline data 
will be required as measured quality and quantity of water flow before the PES 
intervention and the quality and quantity of the water flow after the PES intervention.  
The additonality value can then be calculated and the result is shown in percent (%) which 
indicates the magnitude of the change and colour code; green colour indicates positive 
change (increase) and red colour indicates negative (decrease change). The actual 
calculation for additionality value is a computer aided process which is achieved through 
the formulas shown below: 
ሺ݅ሻܹܽݐ݁ݎܳݑ݈ܽ݅ݐݕሺ݅݊Ψሻ ൌ ܯ݁ܽݏݑݎ݁݀ݒ݈ܽݑ݁ െ ܤܽݏ݈݁݅݊݁ݒ݈ܽݑ݁ܤܽݏ݈݁݅݊݁ܸ݈ܽݑ݁ ܺͳͲͲ 
ሺ݅݅ሻܹܽݐ݁ݎܳݑܽ݊ݐ݅ݐݕሺ݅݊Ψሻ ൌ ܯ݁ܽݏݑݎ݁݀ݒ݈ܽݑ݁ െ ܤܽݏ݈݁݅݊݁ݒ݈ܽݑ݁ܤܽݏ݈݁݅݊݁ܸ݈ܽݑ݁ ܺͳͲͲ 
Calculation of the additionality value using the above formula takes place inside the 
compensation sub-suite. This is further processed through a PHP function that uses 
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baseline value and measured value as its arguments. When “view additionality data” 
button in compensation sub-suite is clicked, baseline value and measured value of a 
specific apex group are drawn as parameters from the database and the PHP function is 
then automatically activated to compute the additionality value (see Appendix N, recipe 
B and Appendix O, target B). 
Competition suite 
The Competition suite presents a general guide for implementing games, art and craft 
activities for the PES schemes. From previous discussions, the general guide for games, 
art and craft activities for PES schemes are not clearly framed. These guides are not well 
stipulated due to various factors which resulted in low participation of actors at all levels.  
This suite focuses on enhancing PES scheme actors’ participation and recognition as 
motivation factors.  (Prasad, 2005; D’Souza, 1989) argue that actors must be motivated 
by providing them with a feeling of pride and satisfaction, security of recognition and 
means of doing the better job.  PESDES provides a mechanism for these requirements 
through this suite and guidelines (see Appendix N, recipe D). These games play a vital 
role in the building of relationship between actors and consequently:  (a) motivate  actors 
mainly conservers to actively participate in conservation activities, and (b) engage IGs to 
effectively perform their duties of designing guidelines for various games, art and craft 
activities as in the actors’ guide.   
The actors’ guides (Appendix N, recipe D) outline arrangements in terms of principles 
and procedures for implementing agreed competitions. Subsequently, the researcher 
designed three sub-suites to manage competitions. These included “Entry Requirements”, 
“Competition Management” and “Performance Assessment” all intended to address the 
above challenges as presented in the subsequent sections.  
Entry requirement sub-suite: This suite was intended to pre-qualify applicants to the 
competition by reviewing their suitability at the entry point and provide results of the 
screening.  
Competition management sub-suite: The sub-suite intended to manage the enrolled 
groups in the competition by using set criteria and standards from performance 
524426-L-bw-Baya-SOM
Processed on: 21-9-2018 PDF page: 129
 Enhancement of Watershed Management in Tanzania using PESDES   
 107 
 
assessment sub-suite in order to determine the winners and awards. Step one starts when 
this sub-suite receives the results from the entry process as a list of potential competition 
participants and formally initiates the competition process. The potential participants get 
orientation in the form of rules of the game and code of practice to guide them start- up.  
The competition sub-suite collaborates with the performance sub-suite to complete the 
process.  
Performance assessment sub-suite: This sub-suite was concerned with assessment and 
monitoring and evaluation of functions, setting of criteria and standards for guiding the 
competitions. 
4.6 PESDES Use-Case
In order to visualize the interaction between actors using the PESDES, a “use-case” 
diagram was used (Tumwebaze, 2016). The “use-case” diagram indicates major 
interaction lines between the user and the services from the studio. The “use-case” 
diagram illustrates the pattern of interaction and collaboration among users when 
accessing services provided in the studio suites. The PESDES users’ domain comprised 
sellers, IGs, buyers and Other Interested Parties (OIP). PES actors use the four (4) suites 
namely; “membership” suite, “awareness” suite, “facilitation & incentive” suite, and 
“competition” suite. The services of the described suites enhances collaboration hence 
the users are able to interact and network online locally and globally. Through 
information sharing, users are able to enhance their knowledge on various PES issues. 
Therefore, from the “use-case” diagram (see Appendix M), the sellers’ group uses the 
membership suite for registration, uses the awareness suite for making chats and calls, for 
documentation, and advertisement of PES products and postage of promotion messages. 
In addition, the sellers’ group uses the “facilitation & incentive” suite for organizing the 
information within sub-groups and apex groups and share lessons learned to add value in 
the implementation of PES interventions. Further, this suite enables the sellers’ group to 
access information on the roles, work plan and systems which helps in the tracking of 
performance and compensation mechanism. Furthermore, the sellers’ group uses the 
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“competition” suite to get the general guide for planning their participation and 
implementation of the conservation competition activities.  
The buyers’ group uses the “membership” suite for registration, and uses the “awareness” 
suite to access and share PES information through text messaging and live chat services 
to collaborate virtually and posts information through documentation services. Buyers 
also can access market information on PES products. The IGs use the “membership” suite 
for registration and also the “awareness” suite services for making chats, calls, 
documentation and access market information on PES products. Further, the IGs use the 
“competition” suite to ensure effective engagement modalities in competition.   
Other Interested Parties (OIP) can access the “awareness” suite to make chats, calls, and 
document and access market information on PES products. The OIP also use the 
“facilitation & incentive” suite to access the information of apex groups, and to further 
access the competition information through “competition” suite services. The information 
obtained makes the group aware about various issues on PES interventions and this 
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CHAPTER 5: INSTANTIATION OF THE PESDES 
This chapter describes the instantiation of the PESDES. During PESDES instantiation, 
the researcher considered factors that will ensure smooth operation of the relevant web 
based software at the watershed level for assured inclusiveness of key users. Specifically, 
the PESDES is instantiated as a system that is user-friendly and able to achieve fast 
loading in areas with limited data service. Section 5.1 presents the essential 
considerations; Section 5.2 gives details of the programming languages used; and 5.3 
gives a detailed description of PESDES suites and services. 
5.1 Essential Considerations 
Design science must produce a viable artefact in the form of a construct, model, method 
or instantiation (Hevner et al., 2004). In this study, a prototype known as PESDES was 
developed and implemented. The prototype can then be used to practically test the 
PESDES for its efficacy in addressing the challenges observed in PES schemes and 
watersheds outlined in chapter 3 as well as in design considerations in chapter 4.  As has 
been described in the previous chapters, PESDES is a studio which provides a one stop 
center for PES information and allows watershed stakeholders to access relevant services 
collaboratively. The PESDES is instantiated to provide actors’ guides for conducting 
collaboration and decision making to improve watersheds. In addition, the studio 
architecture of the PESDES was based on insights from field experience and the Service 
Oriented Architecture (SOA) principles which enabled the construction of suites and sub-
suites (Tumwebaze, 2016; Aregu, 2014; Amiyo, 2012; Kamoun, 2007). The processes 
and services packed with the studio are designed to be easily accessible, flexible, agile 
and simple to use.  
The instantiation of the PESDES involves a number of ways which included: (i) 
confirming the domain name and hosting the PESDES in a remote server for cross-
platform implementation, (ii) identifying and selecting PES experts and requesting them 
to be available to participate in the exercise (iii) guiding the use of the application online 
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and physical visits to selected agreed venues to clarify the testing of the PESDES design. 
In addition, instantiation was executed using experts’ workshops and focus group 
discussions in the specific context of PES schemes and watersheds management. 
PESDES was instantiated into a studio prototype and was handed over to stakeholders to 
use while adapting and generating information for the detailed users’ guides.   
Programming Languages 
The prototype was implemented using several programming languages and frameworks 
that included; Hyper Text Mark-up Language (HTML5); JavaScript web scripting 
languages; jQuery language; Asynchronous JavaScript and XML (AJAX); Cascading 
Style Sheets (CSS3); MySQL and hypertext Pre-processor (PHP). The above languages 
were used to achieve both the PESDES logic on decision making together with a user-
friendly interface that interacts smoothly with the actors. HTML5, XML and CSS3 are 
standard for web development.   
JavaScript was used to handle the service requests and submissions on the users’ side 
given that once a page loads JavaScript runs within the user’s browser. This is not only 
efficient but also increases speed since an entire page does not have to be reloaded to 
perform particular tasks and increase interactivity. 
An open-source framework known as bootstrap (for CSS3 and JavaScript support) was 
used to aid in styling the interfaces of the system. In addition, JQuery library, also a 
JavaScript framework was used alongside the bootstrap framework to aid with JavaScript 
programming. A combination of these two frameworks was used to render graphs onto 
some web pages. 
On the server-side, Hypertext Processor, initially referred to as Personal Home Page 
(PHP), was used to handle service requests and submissions from the user end. PHP was 
the preferred choice given its open-source nature (Xiao-Jun, 2006) as well as its support 
for various programming styles and techniques namely, Procedural Oriented 
Programming and Object Oriented Programming. These provide for diversity in choice. 
PHP was mainly used to access information from the database and to render this 
information into the web page directly or to pass the information to a JavaScript. PHP 
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allowed for the system’s pages to have dynamic information. It was also used to perform 
calculations. 
My Sequence Querying Language (MySQL) was the choice made for the database. One 
of the reasons MySQL database was chosen was because it supports multi-user access 
over a network, in this case, the internet. Given that the system would be queried by 
various users at any particular time, this choice was a crucial deciding factor.  
5.2 Description of the PESDES  
The PESDES is a web-based application that is hosted on a remote server and connected 
to a remote MySQL database. The PESDES architecture is based on the principles of 
Service Oriented Architecture (SOA) as described by Aregu (2014). The SOA makes the 
PESDES simple, flexible, and good with agile levels of application (Keen & Sol, 2008; 
Aregu, 2014). The PESDES architecture builds on the applications and principles for 
implementing collaboration and decision enhancement services. When PESDES is 
online, it utilises the power of the internet and the World Wide Web to run. This is to 
enable the different users to access the studio on their devices at any location and anytime. 
The PESDES runs in a web browser and must be compatible with browsers such as 
Mozilla Firefox, Internet Explorer, Opera mini, Safari and Google Chrome. Therefore, 
any user with a device which is coupled with a web browser can be able to access the 
PESDES studio suites. The PESDES is hosted under the domain name 
http://www.pesdes.com (see Fig. 5.1) and allows different users to create accounts which 
undergo authentication as part of the PESDES process to filter out incorrect and unwanted 
user information. Users include buyers, experts, group leaders and administrators.
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Plate 0.1: Screen shot of PESDES guide page 
The PESDES comprises four suites namely; membership, awareness, facilitation & 
incentive and competition. Upon log in by a registered user, the four suites are presented 
on the left hand side vertical menu in the studio. Each menu item represents a suite and 
these are clickable in the form of links. Upon clicking a particular suite, an expandable 
dropdown menu with sub-suites of the suite is displayed. The clicked link becomes active 
by giving a grey background to the main link and dropdown links thus this enables the 
user to easily view and track their activities on the studio. When a user clicks on a 
particular sub-suite, the corresponding web page containing the content about the selected 
menu item is loaded and displayed on the right hand side showing panels with specific 
information. In this section, a detailed description of PESDES suites and services is 
provided as well as the corresponding instantiation issues considered. 
For instance, the user makes a request through the browser for certain information. The 
browser forwards this request to the web-server via the internet. The internet layer allows 
access to the membership suite irrespective of the geographic limitations. The web-server 
then gains access to the functional layer and matches the request received to the 
appropriate functional modules while considering the appropriate privileges. In this  case, 
the registered user has the privilege to search and view information in the studio. The 
search function processes the request and accesses the database, which is a documentation 
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sub-suite. It then forwards the response from the database back to the web-server via the 
internet which then sets the response in the user’s browser. 
Membership suite 
The membership suite facilitates PES and watershed actors visiting PESDES for the first 
time (see Plate. 5.2). This suite authenticates joining members using registration and log 
in sub-suites. This suite is the gateway that allows other interested users to access 
PESDES website (http://www.pesdes.com), in order to become a member in the PES 
domain (Baya et al., 2018). It is comprised of two sub-suites, namely; registration sub-
suite and log in sub-suite.
 Awareness Suite 
The PESDES awareness suite provides users with relevant information and networking 
to enhance further understanding of the PES concept and facilitate information sharing 
among actors. This can be achieved by PESDES users navigating and using services 
provided in the sub-suites.  
Plate 0.2: Registration form for new members 
The awareness suite contains four sub-suites, namely; Live Chats, Video Calls, 
Documentation sub-suite and Marketing sub-suite (see Plate 5.3) and Table 5.1.  These 
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sub-suites are intended to increase interaction among the PESDES users through live 
chats, video calls, documents sharing and marketing. The Marketing sub-suite contains 
the list of ES products that can be selected for order and allows transaction between a 
seller and a buyer to be executed. These sub-suites are displayed on a dropdown menu 
when the awareness suite is clicked.  
Upon clicking the “Live Chats” sub-suite, a web page loads showing three distinct panels, 
namely, the “Contact” panel containing a list of contact information of the registered 
users; and the video space panel containing the space for displaying the video call; the 
“Recent Chats” panel containing the information on the recent chats and the “Quick 
Email” panel containing the e-mail function.  An example of a real conversation case 
between actors is presented in a series of dialogues. 
The detailed description of PESDES instantiation processes for all the four suites and 
sub-suites have been presented below and the summary of the awareness suite is 
presented in Table 5.1.
Description of PESDES instantiation process in the Awareness Suite:  
x Upon clicking the “Live Chats” sub-suite, a web page loads showing three distinct 
panels, namely, the “Contact” panel containing a list of contact information and data 
of the registered users which captures records of dialogues regarding conservation 
issues with a view to enhancing collaboration among actors, skills and expertise; 
“Unread messages” containing catalogue of unread messages, picture, names and chat 
date; and “Quick email” panel containing recipient email field, email subject text 
formatting toolbar and text area. 
x Upon clicking “Video calls sub-suite, a web-page loads showing “recent chart panel” 
containing  profile pictures, names, email address, phone number and status), and 
“video space panel” containing recipient information, video of the recipient, call and 
call mute records.  
x Upon clicking “Documentation sub-suite” three panels are displayed, namely; Add 
document panel containing document titles, document description, editing and 
attachment spaces; “My document” panel containing list of added documents form, 
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document titles and status and published date) and “Published document” panel 
(containing a list of all users published documents and document titles, name of 
publisher and publishing date). The user is required to fill all the particulars for adding 
the document and then submits by clicking the “Add Document “button. After the add 
document action, the form is processed with the aid of JavaScript, AJAX, PHP and 
MySQL as explained in the previous section. The achieved add document process 
leads to the automatic update of the “My Documents” panel. 
x Upon clicking “Marketing sub-suite” a Marketing Product panel is displayed 
containing product pictures, apex group of origin, category, product name and action 
button; and Product Order  details panel presenting product name, category, and 
status, selling contact information, the availability date, and available stock, apex 
group of origin and product description including pictures of the product. 
 
Table 0.1: Awareness suite and sub-suites services 
AWARENESS SUITE
SUB-SUITE PANEL DESCRIPTION OF SERVICES
Live Chats 
sub-suite
Contact panel Contains catalogue of contact information of 
users i.e. profile picture, names, email 
address, phone number and status
Unread messages Contains catalogue of clickable unread 
messages coupled with profile picture, names 
and the chat date
Quick email panel Contains recipient email field, email subject, 
text formatting toolbar and text area
Video Calls sub-
suite
Contact panel Services contained profile picture, names, 
email address, phone number and status 
Video space panel Contains; address information of the 
recipient, video of the recipient, call end, call 
mute and record
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Contains document title, document 




Contains a list of added documents with 





Contains document title, name of the 






Contains product picture, apex group of 





Contains product name, category, Status, 
selling prices, seller contact information, the 
availability date, available stock, apex group 
of origin and product description including 




   Plate 0.3: Contact information for registered users 
The information arrangement in the “Contact” panel includes; profile picture (Avatar), 
names, email address and phone number status, (see plate 5.3). The chat process is marked 
green (i.e. online) when the user is available for the live chat, off-line (marked red) when 
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the user is not available for a live chat} and an action button for initiating the live chat 
function. Upon clicking the action button, a chat function is triggered and a model for 
chat appears which contains particulars of the participant online (profile picture and 
name). The achieved chat process leads to the disappearance of the chat model and the 
“Unread messages” panel is automatically updated. The recipient upon access views the 
posted message notification on the chat room (see Plate 5.4). 
 
Plate 0.4: Message conversation on a live chat  
The PESDES design has provisions for the “Unread Messages” panel which contains a 
list of clickable unread messages that can be viewed to access previous conversations. 
The “Quick Email” panel displays the interface for quick email composition in order to 
reduce the tedious processes in emailing which is neither user friendly nor data 
economical. Both functions aim at facilitating information sharing among PES actors. 
The Facilitation & Incentives Suite 
Upon clicking the “Facilitation & Incentive suite”, a dropdown menu will appear showing 
the three sub-suites. Table 5.2 presents the “facilitation & incentive suite” showing 
relevant “sub-suites” and services.  
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The “facilitation and incentive” suite with sub-suites and instantiation services is 
designed to create an enabling environment by providing information on PES activities 
that includes identity of the groups in terms of geographical location, administrative 
systems; group roles including resources planning and budgeting, evaluation of activities 
and modalities for compensating conservation efforts to motivate a specific apex group.  
The work plans and budget are presented in excel and pdf files and are downloadable 
through the link as described in chapter 4, Table 4.2. This action is designed to facilitate 
actors’ access to the approved work plans and budgets. To send an attachment, it is 
possible to enter detailed information of the document and browse to attach the document. 
When the process is successfully completed, a notification message appears to confirm 
the sending. Then the sent document can be downloaded as shown in Plate 5.5. 
Table 0.2: Facilitation & incentives suite and sub-suites services 
The Facilitation & Incentives Suite (Driven by Apex group official)
SUB-SUITE PANEL DESCRIPTION OF SERVICES
Identity sub-
suite
The basin panel Catalogue of all basins countrywide,
Catalogue for the PES/WUAs groups and 
demarcated geographical boundaries in all basins 
countrywide,
Action button indicated as “Learn More” to obtain 
more information on the conservation groups 
identities.
The apex group 
panel
Member groups – FG, VC/PT, CC/PSC and 
EC/PSC,
Organizational structure (Organogram) of the 
conservation groups,
Calendar of meetings of the conservation groups,
Guideline for conducting group meetings,





Work Plan linked to download pdf,
Budget linked to download pdf.
524426-L-bw-Baya-SOM
Processed on: 21-9-2018 PDF page: 141





Baseline information and data for water quality 
and quantity, 
Activity implementation,
Monitoring (Interface for data entry for the 
monitored activities, 






Contains document title, document description, 
and editing and attachment spaces.
Mode of support 
panel





Abstract of contract information between buyers 
and sellers,
The contract management guide,
Catalogue of successful contracts.
 
Description of PESDES instantiation process in the Facilitation and Incentive Suite: 
1. Upon clicking the “identity sub-suite”, a new web page will load showing two 
distinct panels namely, the basin and apex group (see Table 5.2). The basin panel 
contains a specific basin name and a catalogue showing the apex group and the 
demarcated geographical boundaries. This sub-suite is useful in providing 
administrative support and facilitation of the running of business within the group.  
2. Upon clicking the “roles sub-suite”, a new web page loads showing two distinct 
panels namely, planning & budgeting panel and monitoring and evaluation panel 
(see Table 5.2). The work plans and budget are designed and linked to external 
pdf files, such that upon clicking the respective button, the linked file will be 
downloaded. This action is designed to facilitate access to the approved plans and 
budgets by the users. The monitoring and evaluation panel contains baseline 
information and data for water quality and quantity, activity implementation 
monitoring and trend of the change of quality and quantity of water flow.  
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3. Upon clicking the “compensation sub-suite”, a new web page loads showing three 
(3) distinct panels namely, “Additionality” panel, “Mode of support” panel and 
“Contract management” panel (see Table 5.2). The additionality panel contains 
catalogues presenting additionality (incremental), list of buyers and sellers and 
“unit cost” for a unit incremental. “The mode of support” panel exhibits the type 
and amount of support solicited for supporting relevant conservation 
interventions.  “The contract management” panel is intended to ensure that 
implementation of the contractual obligations among parties is effectively 
complied with. 
 
 Plate 0.5: Downloaded work plan and budget for UWAMAKIZI group
Plate 5.5 presents a budget draft obtained through “roles sub-suite” of PESDES and 
correspondences between Mr. Twaha who is a leader of the UWAMAKIZI apex group at 
site A, Tanga and Mr. Horace. UWAMAKIZI group requested for funding and sent a 
budget draft to a potential funder in Dar es Salaam who expressed interest to support. In 
view of this, the IGs member namely Mr. Horace volunteered to facilitate the process by 
linking UWAMAKIZI through Mr. Twaha and the funder. The funds solicited were 
needed to support the planned activities for FY 2018 and they are yet to receive the funds. 
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Therefore, Mr. Horace asked the UWAMAKIZI to submit their budget draft through 
PESDES process as in Plate 5.5 to facilitate the process. The budget draft was sent to Mr. 
Horace who downloaded it as in Plate 5.6, and transmitted it to the prospective funder, 
M/s PDC Ltd, Dar es Salaam and awaiting consideration by the funder. Nonetheless, 
feedback was conveyed to UWAMAKIZI because they needed this information for the 
review process of their work plan and budget draft for FY 2018. Decisions thereof will 
be made during the next conservers meeting to be held at the catchment.   
The work plan and budget was revised by UWAMAKIZI accordingly to focus on 
activities that do not depend on external funding. In this way, decision making was 
enhanced after receiving a feedback as in Plate 5.6. The decision making challenges 
addressed through PESDES like the aforesaid case are typical problems affecting many 
communities and sectors in Tanzania and many other countries with economies in 
transition.   
 
Plate 0.6: Feedback to UWAMAKIZI on funding request 
Competition suite  
The “Competition suite” uses the models for conservation and recreational activities in 
the PES schemes in terms of games, art-craft, and catchment conservation initiatives and
provides guidelines for the assessment considerations of these activities. This suite 
contains three sub-suites, namely, “Entry Requirements”, “Competition Management” 
(see Table 5.3 and Plate 5.8) and “Performance Assessment”. Plate 5.8 presents details 
of the instantiation services in “competition management” sub-suite; these include 
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starting up meeting, follow up activities and competition closure. “The instantiation 
services provided in this suite are mainly the responsibilities of the IG committees for the 
respective sub-suites. Table 5.3 shows the overview of the “Competition suite” with “sub-
suites” and instantiation services available. 
Plate 0.7: Competition management sub-suite dashboard 
Table 0.3: Competition suite and sub-suites services 
Competition suite: Overseen by the IGs Committee








Group location, land ownership status, mandates, 
management structure, coverage area, type of ES 
delivered, relevant technical skills, resource 








Conditions for participation and negotiations,
Signing of contract agreement and issuance of 
information pack for the orientation.
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Competition suite: Overseen by the IGs Committee







Orientation to competition intervention, 
Management work plan and budget.
Follow up of 
activities panel
Assessment of progress,
Technical support and guidance,





Review and approval of the evaluation report,
Prepare awards packages and administer,












Monitoring of competition activities,
Performance evaluation reports,





Technical support to guide formulation of 
competition forum and competition guide.
 
 
Description of PESDES instantiation process in the Competition Suite:  
The instantiation services provided in this suite are mainly the responsibilities of the IG 
committees for the respective sub-suites. Upon clicking the “entry requirement sub-suite, 
a new web page loads containing three (3) distinct panels namely, Competition Entry 
Requirements panel, Competition Entry Assessment panel and Competition Endorsement 
panel.  
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x The “Competition Entry Requirements” panel is designed to assess the suitability and 
competence of the group for competition. The assessment is a web based process 
using a design form containing fields on; group location, land ownership status, 
mandates, management structure, coverage size, areas of focus, technical 
competency, resource availability and a submit button. Upon successful submission 
of a duly filled form, the suite automatically analyses the data to determine the 
suitability of the apex group for the specific designed competition. 
x The “Competition Entry Assessment” panel contains two instantiation activities 
which include evaluation score and remarks for participation. The evaluation score is 
obtained after successful analysis of the form described in the previous panel. The 
evaluation score will be displayed together with appropriate remarks. “The 
Competition Endorsement” panel prescribes the conditions for participation and 
negotiations and signing of the contract agreement. Upon acceptance of the prescribed 
conditions, the confirmation for participation is granted and the information packs for 
the orientation is issued.  
x When “Competition Management” sub-suite is clicked, a new web page loads 
containing three (3) distinct panels which are; Start-up meeting panel, Follow-up of 
activities panel and Competition closure plan. This suite is responsible for initiating 
the competition process, monitoring and ensure proper closure of the activities. 
5.3 Configuration of PESDES Information  
The management page allows the authorized user to initialize the studio in specific setting 
and further performs configuration of information in the PESDES. To configure 
information in the management page, the actor is required to log in as an administrator 
(authorized user). Configuring the PESDES through the management page means 
performing CRUD (Create, Read, Update and Delete) functionalities to various sections 
(such as manage basin). The layout of the PESDES management page is organized in 
such a way that the left hand side allows navigation and right hand side allows the user 
to perform the management tasks. Upon clicking any navigation option (link), the right 
hand side shows a page that contains management options. The management options 
contain web based forms and data visualization panels. The web based forms facilitate 
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data insertion and edition while the data visualization panels provide general data 
overview together with action buttons (such as delete). 
The navigation options are designed in such a way that, each option is specifically 
intended to manage specific information entity which include; basins, apex groups, work 
plan, budgets, baseline data, monitoring status, evaluation results, program adjustments, 
process entries, competition endorsement, competition management teams, competition 
work plans and competition budget. The configuration of information in the management 
page contains data input requirements. The requirement is such that some management 
options need data from other management options. Plate 5.8 shows a drop down menu 
for management options as initiated by the authorized user, being in the process of 
configuring basin information, by adding information in the apex group as shown in the 
plate.  
 
Plate 0.8: Configuration of Information 
Futher, plate 5.9 shows a screen shot of a KIKUNDI MTANDAO configured monthly 
report for WAKUAKUVYAMA group which is a small group within KIKUNDI 
MTANDAO apex group. Nevertheless,  the configured information can be accessed by 
any registered member with interest, but this information was communicated between 
KIKUNDI MTANDAO group and FRESOWE Ltd based in Dar es Salaam.  
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Plate 0.9: Configured monthly report for WAKUAKUVYAMA conservers’ group 
FRESOWE Ltd is a donor organization supporting conservation activities for KIKUNDI 
MTANDAO. Apparently, the PESDES platform is able to facilitate communication 
between KIKUNDI MTANDAO and FRESOWE Ltd, where Mr. Edson Mogella who is 
the secretary for KIKUNDI MTANDAO and is an authorized user, configures a monthly 
report for the WAKUAKUVYAMA group on PESDES platform. On doing this, the 
FRESOWE office is able to access the configured information and act on it. In this case,  
FRESOWE provides technical support to KIKUNDI MTANDAO in conservation 
activities and decision making on a monthly basis. The configuration of informatiuon on 
the PESDES platform has also reduced costs for transportation for KIKUNDI 
MTANDAO representatives from Morogoro to FRESOWE offices based in Dar es 
Salaam. The PESDES platform has also enhanced the ability of the local famers  in 
computer applications like attachment of files of various formats. 
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CHAPTER 6: EVALUATION OF PESDES 
This chapter presents the evaluation of the PESDES to ascertain its perceived usefulness 
and perceived usability in enhancing decisions in watershed management. The evaluation 
of the artefact provides feedback information and a better understanding of the problem 
in order to improve both the quality of the product and the design process. The evaluation 
exercise involved watershed conservers and PES experts and practitioners in Tanzania. 
Section 6.1 defines evaluation and its factors. Section 6.2 presents the objectives of 
evaluation. Section 6.3 discusses the approaches to evaluation and describes the methods 
applied in the evaluation exercise for PESDES. Section 6.4 presents, interprets and 
discusses results of the evaluation on usability and usefulness of the PESDES. Section 6.5 
presents and discusses views from the evaluators. Section 6.6 presents discussions of 
understandings gained from the evaluation exercise. Section 6.7 presents a summary of 
the evaluation of PESDES. Section 6.8 presents expert’s evaluation results. Section 6.9 
presents focus group evaluation  results. Section 6.10 presents views from evaluators. 
Section 6.11 is a reflection on the ICT-related issues in PESDES. 
6.1 Evaluation Factors 
An artefact evaluation is an essential component of rigorous Design Science Research 
(DSR). It is a critical contribution to science and practice (Pries-Heje et al, 2012; Peffers 
et al., 2008; Hevner et al., 2004).  In design science, researchers conduct two key 
activities namely, “building and evaluating” (Sonnenberg and Brocke, 2012; Pries-Heje 
et al., 2008; March and Smith, 2005), implying that the utility, quality and efficacy of the 
design artefact must be rigorously evaluated before they are released into the wider 
environment (Venable, 2012; Hevner, 2007). As (Venable et al., 2012; Sonnenberg and 
Brocke, 2012) rightly put, evaluation provides evidence that a new technology developed 
in design science research ‘works’ achieves the purpose for which it was designed.   
In this chapter, the evaluation of the application of PESDES is discussed. To attain 
objective feedback from the evaluation, suitable factors upon which view points and 
consequently conclusions could be based are defined (Mirembe, 2015; Hevner et al., 
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2004). Perceived usefulness and usability were considered as good factors for evaluation 
as derived from the Technology Acceptance Model (TAM) of Davis (1989) and Keen 
and Sol (2008). (Helfert et al., 2012) argue that other researchers have extended 
evaluation criteria to include completeness, consistency, accuracy and reliability. 
The Technology Acceptance Model (Holden & Karsh, 2009; Davis, 1989) suggests that 
when users are presented with a particular information technology, a number of factors, 
notably perceived usefulness and perceived usability influence their decisions of how and 
when they will use the technology. (Tumwebaze, 2016; Aregu; 2014; Keen and Sol, 2008) 
also mention the constructs of usefulness and usability as important in studio evaluation. 
The PESDES was evaluated for perceived usefulness and perceived usability to establish 
the possibility of it being put to use to address the decision making needs and challenges 
of PES schemes in watershed management in Tanzania.  
6.2 Evaluation Objectives 
The main objective of the evaluation was to ascertain the usefulness and perceived 
usability of the PESDES for enhancing collaboration and decision making in watershed 
management activities. PESDES evaluation was conducted to establish its added value to 
the efficiency and effectiveness of PES schemes. Specifically, the PESDES was evaluated 
in order to: 
i. Assess the appropriateness of the PESDES in providing guide to PES schemes 
and watersheds management through enhanced collaboration among actors and 
decision making. 
ii. Establish the usefulness and usability of PESDES in PES schemes and watersheds 
management.   
iii. Assess the efficacy of PESDES in facilitating skills and experience sharing among 
conservers and stakeholders in decision making.  
iv. Establish PESDES’s appropriateness with regard to collecting, storing and 
retrieving information in the basin for sustainable use. 
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v. Ascertain the effectiveness of PESDES in providing timely and fair compensation 
to conservers and assessing a buyer’s willingness to pay for the ES.  
6.3 Evaluation Approach 
PESDES studio instantiation needs to be tested to determine its suitability for the intended 
purpose. Several researchers (Cleven et al., 2009; Vaishnavi and Kuechler, 2008; Peffers 
et al., 2008; Hevner et al., 2004) have proposed different methods for evaluating artefacts. 
These methods include case studies, field studies, informed arguments and expert 
evaluations. This research employed a multi-method evaluation approach, which included 
selected experts’ consultation, experts’ workshops, focus group discussions and online 
evaluation. The evaluation exercise involved water ecosystem services sellers, buyers, 
regulators, PES experts, ICT experts and practitioners from the fields of PES practice, 
information system and research institutions.  
The evaluation approach also involved selection of participants based on their experience 
and expertise in the fields of watershed management, PES practice and information 
systems. Participants were sourced from existing database generated from the previous 
workshops and additional participants who did not participate in the previous workshops 
and exploration phase to get new input. Snowball sampling (Tumwabaze, 2016; Patton, 
2002) was used to select additional participants.  However, the selection was constrained 
by the fact that PES experts are scarce in Tanzania. Therefore, the evaluation exercise 
involved 39 participants. The categories of the participants included 10 conservers 
comprising 3 former PES projects coordinators, 19 regulators, 8 PES and watershed 
domain experts, three of whom were ICT experts and 2 buyers.  
To ensure a successful evaluation exercise, the following criteria were defined for the 
participants in the exercise: (i) participants were contacted and requested to confirm their 
availability and interest in taking part in the evaluation exercise and sharing their inherent 
insights willingly, (ii) participants were required to prove that they understand computer 
and internet demonstrations in order to interpret the designs and be able to actualize 
PESDES in their field operations and processes, (iii) participants in PES and water experts 
who did not participate in the previous workshops and exploration phase of this research 
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were included in the evaluation exercise and particularly targeted to allow new ideas and 
objective feedback on the studio, (iv) domain experts were only those qualified with at 
least a Bachelors’ degree or equivalent and  relevant experience in either watershed 
management, information systems or PES related practices, (v) practitioners included 
various implementers of the conservation activities in the watershed, and (vi) regulators 
from government agencies responsible for watershed management. The roles of the 
participant categories are summarized in Table 6.1. 







x Organise resources/logistics for the evaluation exercise, 
x Set agenda for the evaluation exercise,
x Facilitate the evaluation exercise,
x Continuously engage participants for the period of 
evaluation,





x Offer technical support to participants to interpret 
PESDES,
x Offer technical support during the evaluation exercises,
x Take minutes of evaluation workshops.
Conservers 10
x Test PESDES suites and services in their field 
operations and processes,
x Provide feedback on experiences from testing of 
PESDES,
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x Attend evaluation workshops. 
Buyers 2
x Test PESDES suites and services in field operations and 
processes,
x Provide feedback on experiences from testing of 
PESDES,





x Critically study and evaluate the PESDES design as 
well as the instantiation,
x Apply different scenarios and use cases to the PESDES 
design and the instantiation,
x Provide feedback on the PESDES design and the 
instantiation, 
x Attend evaluation workshops. 
Regulators 19
x Test PESDES suites and services in their field 
operations and processes,
x Apply different scenarios and use cases to the PESDES 
design and the instantiation,
x Provide feedback on the PESDES design and the 
instantiation, 
x Attend evaluation workshops.
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The primary method for the evaluation was interviews. One Information Input 
Questionnaire (IIQ) was prepared in English and interpreted in Kiswahili to facilitate the 
participation of non-English speakers. The IIQ included qualitative questions, which 
consisted of both positively and negatively formulated statements regarding the PESDES 
design and actual studio on parameters of usefulness and usability (see sample - Appendix 
I). The use of both positively and negatively formulated statements was intended to 
prevent response bias (van Sonderen et al., 2013). The statements were adopted from 
previous works (Tumwebaze, 2016; Aregu, 2014; Habinka, 2012; Yonazi, 2010; 
Tsakonas and Papatheodorou, 2006; Van de Kar, 2004), with changes made in 
expressions in order to adjust them to the context of this study. Each statement was 
measured according to the five point Likert scale (Cauvery, 2010; Jamieson, 2004) 
ranging from 1 (Strongly disagree), 2 (Disagree), 3 (Neutral), 4 (Agree) and 5 (Strongly 
agree). The Likert scale provides evaluators with different options for expressing their 
opinions.  
To determine the general and most common opinion of participants and whether there is 
a general consensus amongst participants, the results are presented according to mean, 
standard deviation, mode, percentages and histograms. The qualitative section consist an 
open ended question for capturing further qualitative opinions from evaluators in support 
of their quantitative feedback and enabled identification of areas of improvement and new 
concepts regarding the studio for further research. The quantitative analysis was done by 
using the SPSS (IBM.SPSS.statistics, version 20, 2011) and Microsoft Excel, 2010; and 
the qualitative data was analyzed using content analysis. 
6.5 Evaluation Setting
Selected Experts’ Consultation 
The selected experts’ consultation evaluation involved a number of selected expert 
participants who were sourced from the previous workshops database and additional 
participants who did not participate in the previous workshops and exploration phase. 
Experts who met the criteria for participating in the evaluation exercise were formally 
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invited to participate by official letter, supplemented by phone calls, phone text messages, 
email and physical visits.  
Evaluators were issued with a complete set of evaluation materials which comprised 
invitation letters with three attachments including, research abstract, the PESDES user’s 
guiding steps and the evaluation questionnaire. Evaluators were given two weeks to 
provide comments and return duly filled IIQs to researcher.  These experts were asked to 
participate in an evaluation exercise by completing an online IIQ aimed at getting their 
opinions of the perceived usability and perceived usefulness of the PESDES. Throughout 
the two weeks of evaluation, participating evaluators received technical support from the 
research team to ensure smooth evaluation. Specifically, the research team provided 
technical support through telephone and physical visits to those who needed assistance or 
elaboration on the user’s guiding steps.  
The team realized the need to physically visit institutions that participated in the 
evaluation. The visit was important to enable researchers to provide detailed explanations 
of the research and the evaluation exercise. These institutions included Eastern Arc 
Mountains Conservation Endowment Fund (EAMCEF), Morogoro Urban Water and 
Sewerage Authority (MORUWASA), Wami Ruvu Basin Water Board, Tanga Urban 
Water and Sewerage Authority (Tanga UWASA and Pangani Basin Water Office 
(PBWB). During the visits to these institutions, the team had the opportunity to elaborate 
and meet with the heads of the respective institutions. The rationale for these visits was 
to emphasize the importance of the research as well as their role in PES programs, 
considering the fact that they are the main watershed regulators, conservers and major 
water buyers in their respective watersheds. The future success of PESDES adoption and 
implementation will be influenced greatly by these key stakeholders. The exploratory 
findings showed that these were key stakeholders with high influence in PES schemes 
and watershed operations. The summary of the meetings are presented below:  
Meeting with conservers - three meetings with conservers were conducted in two separate 
venues located in Morogoro Municipality from 18th – 19th September 2017 and Tanga 
City from 22-23rd September 2017. These sessions included (i) Meeting with EAMCEF 
(ii) Meeting with conservers in Uluguru Mountains represented by the members of the 
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apex group – KIKUNDI MTANDAO in Morogoro Municipality (iii) Meeting with 
conservers in Zigi River catchment represented by members of the apex group – 
UWAMAKIZI Muheza District, Tanga region.  
Meeting with buyers - two meetings with downstream consumers of the ES water 
commodity were conducted in order to solicit their views on the suitability of the 
proposed PESDES artefact. These included (i) Meeting with MORUWASA that took 
place on the 18th September 2017 in Morogoro Municipality; and (ii) Meeting with 
Tanga-UWASA, on 22nd September 2017 in Tanga City. 
Meeting with regulators - two meetings were held with regulators to solicit their views 
on the proposed PESDES artefact. These included (i) Meeting with Wami/Ruvu Basin 
Water Office (WRBWO) on the 18th September 2017 in Morogoro Municipality, and (ii) 
Meeting with Pangani Basin Water Board (PBWB) on 22nd - 23rd September 2017 in 
Tanga City.
At the end of each meeting with the institutions an evaluation exercise was conducted 
where each institution completed an evaluation questionnaire. After two weeks of the 
practical exercise for all selected domain experts evaluators, those who had not returned 
the IIQs were requested to return them to provide feedback to the team. 29 respondents 
properly completed and returned the IIQ. The percentage of returned IIQ was 51% 
comprising 14 regulators, 7 domain experts, 7 conservers and 1 buyer. 
Experts’ Workshop  
The experts’ evaluation workshop was held on 13/10/2017 in Morogoro Municipality. 
The workshop sessions were organized and attended by 3 research team members and 5 
participants of which 3  were from PES and watershed regulators in Wami / Ruvu Basin 
Water Board (W/RBWB), 1 domain expert (SUA Professor) and 1 buyer from Urban 
Water and Sewerage Authority (MORUWASA). 
In this workshop, the researcher presented an outline of what the study was about, the 
problem focus of the research, the proposed solution of the PESDES design and the 
reason for evaluation. Further, the researcher elaborately presented the studio suites and 
services. This was followed by an open session where participants were given a chance 
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to log in and navigate the PESDES design and instantiation. The evaluation workshop 
gave participants an opportunity to share their experiences with the PESDES design. They 
were then given IIQs aimed at getting their opinion for perceived usefulness and 
perceived usability of the PESDES design. All the five IIQs were duly completed and 
collected at the end of the session on the same day.  
FGD Evaluation 
FGD method was used to introduce the selected participants to the proposed PESDES 
artefact. The FGD sessions were organized and attended by 3 research team members and 
5 participants of whom were 3 conservers (Water Users Association Mkindo River Sub-
catchment) and 2 regulators (W/RBWB). The evaluation meetings were organized and 
took place at the agreed venues and time. The selection of the evaluation participants was 
based on the set criteria above. In each of the FGD sessions, the researcher elaborately 
presented about the PESDES whereby the studio suites and services were elaborated 
using telephone, computer screen in the participants’ offices, liquid crystal display (LCD) 
and projector assisted screens in meeting rooms for big groups. This was followed by an 
open session where participants were given a chance to log in and navigate around the 
studio. At the end of these sessions, participants were asked to apply the PESDES in their 
PES activities for watershed management by putting the different suites and services 
through perceived field situation for two weeks in order to form opinions arising from 
their different contexts. However, some responses were obtained after the deadline and 
others took longer when a follow up was made to request for their responses.  
6.6 Evaluation Results on Usability and Usefulness of PESDES 
The PESDES design was presented to experts, regulators, conservers and buyers for 
evaluation. They evaluated the perceived usefulness and perceived usability using three 
methods, which included selected experts’ consultation, experts’ workshop and focus 
group discussion. A total of 39 evaluators participated in the evaluation exercise. Of these 
29 participated in selected experts’ consultation, 5 participated in the experts’ workshop 
and the remaining 5 participated in the focus group discussions. Of the 39 evaluators, 
21% were experts, 49% were regulators, 26% were PES conservers and 4% were ES 
buyers. This gave a diverse mix of evaluators in the mentioned groups in which the 
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PESDES is grounded. Two of the evaluators were professors, 4 PhD holders, 17 holders 
of postgraduate qualifications, 10 holders of undergraduate qualifications, and 6 were 
non-university graduates who are mainly conservers with PES experience. This shows 
that evaluators who are highly qualified and experienced in their categories participated 
in the evaluation exercise.  
Tables 6.2 and 6.3 provide the quantitative results of the perceived usefulness and 
perceived usability of the PESDES received from selected experts’ consultations. Tables 
6.4, 6.5 and 6.6 provide the quantitative results of the perceived usefulness and perceived 
usability of the PESDES as received from experts’ workshop. Tables 6.7, 6.8, 6.9 and 
6.10 provide the quantitative results of the perceived usefulness and perceived usability 
of the PESDES received from the focus group discussions. 
Caution has to be exercised in interpretation of the results in view of the small numbers 
of the participants involved. It should be noted that the author managed to involve nearly 
all PES experts in Tanzania who are currently very few and PES practices are still at 
rudimentary stage. The evaluation is nowhere meant to give a detailed statistical 
assessment because of the relatively limited participation of evaluators. However, the 
evaluation gives only very detailed and insightful (anecdotal) indications about the 
perceived usefulness and usability. In design science research one has often to resort to 
insightful responses during a study without possibilities to perform a rigorous statistical 
analysis.   
 
The summary of the results is presented in the respective tables. The tables provide fields 
for Likert scale responses, means, modes and standard deviations. The negative and 
positive statements were analyzed separately for purposes of earning consistency. 
6.7 Experts’ Evaluation Results 
The selected experts’ evaluation results are presented in this section. These results present 
views of the sample experts and were classified as  (i) usability positively formulated 
statements which measured the degree to which users agree that PESDES is useable in 
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terms of simplicity, clarity, flexibility, compatibility and convenience in using PESDES 
design and its studio; (ii) usefulness positively formulated statements assessing the degree 
to which PESDES and its studio users agree that the design is beneficial and (iii) 
usefulness negatively formulated statements measuring the degree to which PESDES 
users disagree that PESDES is unusable. These results are presented in this report in 
tables.  
Table 0.2, presents the mean, mode and the standard deviation of the perceived usability 
of the PESDES as evaluated by the selected experts. The mean response for the positively 
formulated statements on PESDES usability was 4.02 which implies that the majority of 
the selected experts have been able to go through the processes and achieved PESDES 
services with minimal effort. The mode for these statements was 4, which was equivalent 
to 51% of the respondents who agreed with the statements. In general this implies that 
the majority of the users agree that PESDES is user friendly.  
Likewise, the results show that 51% and 28% of the selected experts agreed and strongly 
agree respectively that PESDES is usable. Despite limited participation, 79% of the 
selected experts were in agreement that PESDES is usable. On the other hand, 18% and 
3% of the selected experts were of the category of neutral and disagreed respectively. 
This means 18% required support to enhance the PESDES usability capacities, while 3% 
required extra technical support to be able to use the PESDES. The standard deviation 
from the mean for the positively formulated usability statements was 0.744. This shows 
that the majority of the selected experts held similar opinions about the usability of 
PESDES design and studio. 
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Table 0.2: Evaluation results of perceived usability statements of PESDES    (Positively 









(1) (2) (3)  (4)  (5) Mean Mode Standard Deviation
1
Process 
sequences of the 
PESDES design 
are logical
0 0 3 16 10 4.24 4 0.632
2
The PESDES 
design is simple 
and clear to 
interpret
0 0 5 19 5 4 4 0.598
3
PESDES users’ 
guides are easy 
to follow
0 0 6 18 5 3.97 4 0.626
4
Terminology 





0 0 4 11 14 4.34 5 0.721
5
Information 
contained in the 
PESDES is 
easily accessible
0 1 8 11 9 3.97 4 0.865
6






0 4 6 16 3 3.62 4 0.862
7
The PESDES 




0 2 5 12 10 4.03 4 0.906
 
Average Value 0.000 1.000 5.286 14.714 8.000 4.024 4.143 0.744
Percentage (%) 
(N = 29) 0.00% 3.45% 18.23% 50.74% 27.59%  
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Table 0.3: Evaluation results of perceived usefulness statements of PESDES (Positively 












 (1) (2)  (3) (4)  (5) Mean Mode Standard Deviation
1
Using PESDES has 
furnished me with 
information that really 
matters for watershed 
conservation activities
0 2 4 12 11 4.1 4 0.9
2
Using PESDES has 
improved my ability to 
store data
0 1 8 11 9 3.97 4 0.865
3
Using PESDES 
generated credible and 
trustable operational 
records of data for 
watershed activities







0 0 3 11 15 4.41 5 0.682
5
Using PESDES 
supports quick decision 
making 




strategies for PES 
commodities
0 0 9 16 4 3.83 4 0.658
 Average Value 0.00 1.83 6.00 11.67 9.50 3.99 4.33 0.85












Table 6.3 presents the mean, mode and the standard deviation of the perceived usefulness 
of the PESDES as evaluated by the selected experts. The mean response for the positively 
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formulated statements on PESDES usefulness was 3.99 which implies that the majority 
of the selected experts agreed that PESDES is useful in PES schemes and watersheds 
management.  The average mode for the usefulness statements is 4, which is equivalent 
to 40% of the respondents who agreed with the statements. In general, this implies that 
the majority of the users agree that PESDES is useful in watershed management. 
Likewise, the results show that 40% and 33% of the selected experts respectively agreed 
and strongly agreed that PESDES is useful. Despite the limited participation, 73% of the 
selected experts support that PESDES is useful. Conversely, 21% and 6% of the selected 
experts were of neutral and disagreed views respectively. This means that 27% required 
awareness on watershed challenges and intervention proposed by the tool to support and 
enhance usefulness of PESDES. The standard deviation from the mean for the positively 
formulated usefulness statements was 0.85, which shows that many of the evaluators 
largely held similar opinions about the usefulness of PESDES design and studio. 
Table 0.4 presents the mean, mode and the standard deviation of the negatively 
formulated statements on the perceived usefulness of the PESDES as evaluated by the 
selected experts. The mean response for the negatively formulated statements on 
PESDES usefulness was 2.04 which implies that the majority of the selected experts 
disagreed that PESDES is a useful approach for watershed management. The evarage 
mode for the negatively formulated usefulness statements was 2, which is equivalent to 
54% of the respondents who disagreed. In general this implies that the majority of the 
users disagree that PESDES is not a useful tool. Likewise, the results show that 54% and 
23% of the selected experts disagreed and strongly disagreed respectively that PESDES 
is not useful. Despite the limited participation, 77% of the selected experts disagreed that 
PESDES is not useful. On the contrary, 18% and 5% of the selected experts were neutral 
and agreed respectively. This means 23% required awareness on watershed challenges 
and the intervention being proposed by the tool to support to enhance usefulness of the 
PESDES. The standard deviation from the mean for the negatively formulated usefulness 
statements was 0.72 which shows that many of the evaluators held similar opinions about 
the usefulness of PESDES design and studio. 
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Table 0.4: Evaluation results of perceived usefulness of PESDES












(1)  (2) (3)  (4) (5) Mean Mode Standard Deviation
1
Using PESDES 
does not address key 
challenges 
hampering 
application of PES 
tool in Tanzania
4 13 9 3 0 2.38 2 0.862
2
Using PESDES 
does not enhance 
collaboration 
among stakeholders 
in PES schemes for 
watershed 
management
10 17 2 0 0 1.72 2 0.591
3
PESDES cannot 
guide and enable 
actors and  
practitioners to 
make real time 
decisions from 
various locations
6 17 5 1 0 2.03 2 0.731
 
Average Value 6.667 15.667 5.333 1.333 0.00 2.043 2.000 0.728













6.8 Experts’ Workshop Evaluation Results 
The selected experts’ workshop evaluation results are presented in this section. These 
results are classified as usability positively formulated statements, usefulness positively 
formulated statements and usefulness negatively formulated statements. These results are 
presented in tables. 
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Table 0.5: Evaluation results of perceived usability of PESDES 


















0 0 0 2 3 4.6 5 0.548
2
The PESDES 
design is simple 
and clear to 
interpret
0 0 0 1 4 4.8 5 0.447
3
PESDES users’ 
guides  are easy 
to follow
0 0 0 1 4 4.8 5 0.447
4
Terminology 





0 0 1 3 1 4 4 0.707
5
Information 
contained in the 
PESDES is 
easily accessible
0 0 0 2 3 4.6 5 0.548
6




0 0 1 3 1 4 4 0.707
7
The PESDES 




0 0 1 1 3 4.4 5 0.894
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Average Value 0.000 0.000 0.429 1.857 2.714 4.457 4.714 0.614
Percentage (%) 
(N = 5) 0.00% 0.00% 8.57% 37.14% 54.29%
  
Table 0.5 presents the mean, mode and the standard deviation of the perceived usability 
of PESDES as evaluated by workshop experts. The mean response for the positively 
formulated statements on PESDES usability was 4.45. This implies that the majority of 
the selected experts have been able to go through the processes and achieved PESDES 
services with minimal effort. The average mode for these statements is 5, which is
equivalent to 54% of the respondents who strongly agreed with the assertations. In general 
this implies that the majority of the users agree that PESDES is user friendly.  
Likewise, the results show that 37% and 54% of the 5 selected experts agreed and strongly 
agree, respectively, that PESDES is usable. Despite the limited numbers, the majority of 
the selected experts concur that PESDES is usable. On the other hand, a few of the experts 
were neutral and none disagreed. This means that some of the experts require motivation 
to practice and use PESDES for intervention in watershed management. The standard 
deviation from the mean for the positively formulated usability statements was 0.614, 
which shows that the majority of the workshop experts held similar opinions about the 
usability of PESDES design and studio.  
Table 0.6 presents the mean, mode and the standard deviation of the perceived usefulness 
of the PESDES as evaluated by the workshop experts. The mean response for the 
positively formulated statements on PESDES usefulness was 4.63. This implies that the 
majority of the experts agreed that PESDES is useful in PES scheme and watershed 
management. The average mode for the usefulness statements is 5, which is equivalent to 
the majority of the respondents who strongly agreed with the assertations. In general this 
implies that the majority of the users agree that PESDES is useful in watershed 
management.  
Likewise, the results show that 30% and 67% of the workshop experts respectively agreed 
and strongly agree that PESDES is useful. Again despite the paucity of data, nearly all 
selected experts support that PESDES is useful. Conversely, a few were neutral in their 
opinions. The standard deviation from the mean for the positively formulated usefulness 
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statements was 0.498, which shows that the majority of the workshop experts held similar 
opinions about the usefulness of PESDES design and studio. 
Table 0.6: Evaluation results of perceived usefulness of PESDES 












 (1) (2) l (3) (4)  (5) Mean Mode Standard Deviation
1
Using PESDES 
has furnished me 
with information 
that really matters 
for watershed 
conservation 
0 0 1 1 3 4.4 5 0.894 
2
Using PESDES 
has improved my 
ability to store 
data






records of data for 
watershed 
management.


















strategy for PES 
commodities
0 0 0 2 3 4.6 5 0.548
 Average Value 0.000 0.000 0.167 1.500 3.333 4.633 4.833 0.498
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Percentage (%) (N 
= 5)
0.00
% 0.00% 3.33% 30.00% 66.67%  
 
presents the mean, mode and the standard deviation of the negatively formulated 
statements on the perceived usefulness of PESDES as evaluated by workshop experts. 
Table 0.7: Evaluation results of perceived usefulness of PESDES













 (1) (2) (3) (4)  (5) Mean Mode Standard Deviation
1
Using PESDES does 
not address key 
challenges hampering 
application of PES 
tool in Tanzania
1 3 1 0 0 2 2 0.707
2
Using PESDES does 
not enhance 
collaboration among 
stakeholders in PES 
schemes for watershed 
management
2 3 0 0 0 1.6 2 0.548
3
PESDES cannot guide 
and enable actors and 
practitioners to make 
real time decisions 
from various locations
3 2 0 0 0 1.4 1 0.548
 
Average Value 2.000 2.667 0.333 0.00 0.000 1.667 1.667 0.601










The mean response for the negatively formulated statements on PESDES usefulness was 
1.67. This implies that the majority of the selected experts disagreed that PESDES is 
useful in watershed management. The average mode for the negatively formulated 
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usefulness statements is 2. In general this implies that majority of the users disagree that 
PESDES is not useful. Likewise, the results show that 53% and 40% of the selected 
experts disagreed and strongly disagreed, respectively, that PESDES is not useful. 
Similarly, despite the limited participation, the majority of the selected experts disagreed 
that PESDES is not useful. On the contrary, only a few were neutral in their opinions. 
The standard deviation from the mean for the negatively formulated usefulness statements 
was 0.601 which shows that majority of the workshop experts held similar opinions about 
the usefulness of PESDES design and studio. 
6.9 Focus Discussion Group Evaluation Results 
FGD evaluation results are presented in this section. These results are classified as 
usability positively formulated statements, usability negatively formulated statements, 
usefulness positively formulated statements, and usefulness negatively formulated 
statements. These results are presented in the form of tables.  
Table 0.8, presents the mean, mode and the standard deviation of the perceived usability 
of PESDES as evaluated by the FGD. The mean response for the positively formulated 
statements on PESDES usability was 3.94. This implies that the majority of the FGD have 
been able to go through the processes and achieve PESDES services with minimal effort. 
The average mode for these statements is 4, which is equivalent to 51% of the respondents 
who strongly agreed with the assertation. In general this implies that the majority of the 
users agree that PESDES is user friendly.  
Likewise, the results show that 51% and 26% of the FGD evaluators respectively agreed 
and strongly agree that PESDES is useable. Despite the limited participation, 4 of the 
FGD evaluators concur that PESDES is usable. On the other hand, 2, 1 and 1 of the FGD 
evaluators were neutral, disagree and strongly disagreed respectively. The results are 
indicative that there is a need to enhance the usability capacities, while some require extra 
technical support to be able to use the PESDES. The standard deviation from the mean 
for the positively formulated usability statements was 0.795, which shows that the 
majority of the FGD evaluators held similar opinions about the usability of PESDES.  
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Table 0.8: Evaluation results of perceived usability of PESDES (Positively formulated 























considerations of the 
PESDES is compatible 
with the watershed 
design considerations
0 0 1 2 2 4.2 4.5 0.837
2
I require further 
guidance to be able to 
use the PESDES tool 
apart from the use 
instructions provided
0 0 0 4 1 4.2 4 0.447
3
My handset is able to 
use PESDES 
application
1 1 0 2 1 3.2 4 1.643
4




0 0 2 3 0 3.6 4 0.548
5
Instructions for 
PESDES use are easy 
to understand
0 0 0 2 3 4.6 5 0.548
6
Terminologies used in 
PESDES design are 
consistent with PES 
terminologies
0 0 1 3 1 4 4 0.707
7
Information contained 
in PESDES tool is 
easily accessible
0 0 2 2 1 3.8 3.5 0.837
 
Average Value 0.143 0.143 0.857 2.571 1.286 3.943 4.143 0.795
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Table 6.9, presents the mean, mode and the standard deviation of the negatively 
formulated statements on the perceived usability of PESDES as evaluated by the FGD. 
The mean response for the negatively formulated statements on PESDES usability was 
2.4. This implies that the majority of the FGD disagreed that PESDES is hard to use. The 
average mode for the negatively formulated usability statements is 2, which is equivalent 
to 3 of the respondents who disagreed with the claims. In general this implies that the 
majority of the users disagree that PESDES is hard to use.  
Table 0.9: Evaluation results of perceived usability of PESDES












 (1) (2) (3) (4)  (5) Mean Mode Standard Deviation 
1 
Terminologies 
used in PESDES 
design are not 
easily 
understandable 




be applied by 
watershed 
policy makers 









1 3 0 0 1 2.4 2 1.517 
  
Average Value 1.000 2.667 0.333 0.333 0.667 2.400 1.833 1.256 
Percentage (%) 
(N = 5) 20.00% 53.33% 6.67% 6.67% 13.33%   
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The results show that, 4 of the FGD evaluators disagreed that PESDES is hard to use. On 
the contrary, 1, 1, and 2 of the FGD evaluators were neutral, agreed and strongly agreed 
respectively. This means some evaluators required technical support and motivation in 
using the PESDES design and studio. The standard deviation from the mean for the 
negatively formulated usability statements was 1.256 which shows that FGD evaluators 
had different extreme opinions on the usability of PESDES, where 7% of the group agreed 
and 13% strongly agreed. On the other hand 53% of the group disagreed and 20% strongly 
disagreed that PESDES design and studio have some difficult terminologies and new 
concepts. Consequently, evaluators had different opinions on whether PESDES could 
effectively address the challenges inherent in watersheds. From these results it is vivid 
that despite limited participation, awareness enhancement on PES and PESDES among 
stakeholders is important.   
Table 0.10 presents the mean, mode and the standard deviation of the perceived 
usefulness of the PESDES as evaluated by the FGD. The mean response for the positively 
formulated statements on PESDES usefulness was 4.520. This implies that the majority 
of the FGD participants have agreed that PESDES is useful in PES scheme and watershed 
management. The average mode for the usefulness statements is 5, which is equivalent to 
52% of the respondents who strongly agreed with assertations. In general this implies that 
the majority of the users strongly agree that PESDES is a useful. Likewise, despite the 
limited numbers, the results show that 48% and 52% of the FGD evaluators agreed and 
strongly agreed respectively that PESDES is useful. Further, from same level of the FGD 
evaluators, 100% are supportive that PESDES is useful and none disagreed with this 
position.  The standard deviation from the mean for the positively formulated usefulness 
statements was 0.508, which shows that the majority of the FGD participants largely held 
similar opinions about the usefulness of PESDES design. 
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Table 0.10: Evaluation results of perceived usefulness of the PESDES              (Positively 












 (1) 2)  (3) (4)  (5) Mean Mode Standard Deviation 
1 
Using PESDES 
has furnished me 
with information 
































markets for PES 
commodities 
0 0 0 4 1 4.2 4 0.447 
  
Average Value 0.000 0.000 0.000 2.400 2.600 4.520 4.600 0.508 
Percentage (%) 
(N = 5) 0.00% 0.00% 0.00% 48.00% 52.00% 
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Table 0.11 presents the mean, mode and the standard deviation of the negatively 
formulated statements on the perceived usefulness of PESDES as evaluated by the FGD 
participants. The mean response for the negatively formulated statements on PESDES 
usefulness was 1.9, which implies that majority of the FGD participants have disagreed 
that PESDES is a useful tool in the watershed management. The average mode for the 
negatively formulated usefulness statements is 2, which is equivalent to 45% of the 5 
respondents who disagreed with the claims. In general this implies that nearly a half of 
the respondents disagreed that PESDES is not a useful tool. Likewise, the results show 
that 45% and 40% of the 5 FGD participants disagreed and strongly disagreed 
respectively that PESDES is not useful. Again, despite limited participation, 85% of the 
FGD participants disagreed that PESDES is not useful. On the contrary, a few were 
neutral, agree and strongly agree in their opinions that PESDES is not useful in watershed 
management. The standard deviation from the mean for the negatively formulated 
usefulness statements was 1.031 which shows that the majority of the FGD participants 
had different opinions on the usefulness of PESDES design. 
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Table 0.11: Evaluation results of perceived usefulness of the PESDES              (Positively 












 (1) 2)  (3) (4)  (5) Mean Mode Standard Deviation 
1 
Using PESDES 
has furnished me 
with information 
































markets for PES 
commodities 
0 0 0 4 1 4.2 4 0.447 
  
Average Value 0.000 0.000 0.000 2.400 2.600 4.520 4.600 0.508 
Percentage (%) 
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6.10 Presentation of Views from Evaluators 
From the qualitative section of the experts’ evaluation, free additional comments were 
encouraged in order to capture views of the evaluators. Evaluators comprising experts, 
regulators, conservers and consumers were given the opportunity in “Section C” of the 
IIQ to provide free views in order to solicit inputs for improving the usability and 
usefulness of the PESDES design and studio. Generalized statements were constructed 
from the most common responses made by 39 evaluators out of 57 IIQs sent out to 
respondents. Their views have been organized into 4 relevant thematic areas, namely, (i) 
design and functional aspects, (ii) facilitation and enabling environment, (iii) adoption of 
the PESDES by government authorities, and (iv) reflection on the perceived strength and 
applicability of the PESDES model. Although the experts’ good comments about 
PESDES, they also gave their opinions on how the PESDES should be made more useful 
and useable. These comments formed a basis for further improvement of the PESDES 
design in terms of the architecture of the model, services offered by the suites and sub-
suites and webpage functionalities. Comments made in Kiswahili were translated into 
English. The summary of the most significant statements are presented below. 
PESDES Design and Functional Aspects 
Some significant comments from the evalautors on the PESDES are summarized in the 
following statements: 
x Preamble statements as background information for all suites and fictional 
information give a glimpse of the how the tool works and guide users to further 
improve usability. 
x The studio could be more useful if it integrates mobile phone usage and should be 
readily available in the play store.  
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x There is a need to include email verification after successful signing-in on the 
PESDES model as well as notification to members to facilitate quick information 
sharing. 
x The PESDES is useful and easy to access but an abstract of the document could be 
useful if provided.  
x The “view additional data” needs to insert a column on standards to facilitate 
comparison of the baseline data with obtained results.  
x The icons in various sub-suites such as messages, notifications, and updates under the 
awareness suite should be highlighted with a cursor navigation so that the user can 
know what they mean and decide whether they need to click them or not.  
x Some of the parameters in the “entry requirement menu” of the PESDES Competition 
suite need to be defined within the boxes as small, medium, and large.   
x The elements of the Marketing sub-suite need to be defined in context of PES and 
watershed management.  
Facilitation and Enabling Environment 
This part presents the comments largely aimed at facilitating the wider use of the PESDES 
within existing local contexts and with the view to highlighting on the level of the 
required preparedness of getting started quickly and smoothly. Some of the significant 
comments are summarized in the following statements: 
x A Swahili interface should be made available for users before the PESDES model is 
widely adopted and used.  
x The studio is suitable for technical experts, planners and decision makers, but capacity 
building for the grassroots community and local leaders e.g. village governments and 
Water User Associations, who are the key users is required.    
x Awareness training programme and training manual on PESDES for the local 
communities and at the water basin level is required to expedite effective use of 
PESDES.  
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x The usability and usefulness of PESDES is dependent on existence of supportive 
policy, institutional and legal frameworks. These elements need to put in place 
support mechanisms for adoption and use of PEDES in Tanzania.  
x A mechanism for PESDES operations is lacking in Tanzania. Therefore, 
arrangements for use of PES / PESDES are critical for the studio to be practically 
meaningful.
x Water flow monitoring stations at the basin level need to be improved or constructed 
in order to capture data is required for use in the PESDES on a continuous basis. 
x There is a need to raise the stakeholders’ ability to use the PESDES particularly those 
involved in monitoring water resources and ES sellers and apex groups at the 
grassroots by considering a simpler version.
Adoption of PESDES by Government Authorities 
x The Government should be engaged to support the adoption of PESDES in Tanzania. 
Further, the Ministries responsible for water affairs and environmental management 
should embrace the PESDES model for its use in watershed regulatory activities. 
x It can be concluded that PESDES is an important tool for watershed management if 
well applied. It is therefore, a timely intervention for the Ministry of Water, especially 
the Directorate of Water Resources to think about application of PESDES and make 
the right decision to adopt this model and put into use before the end of the on-going 
“Sustainable Watershed Management-Zigi and Ruvu Catchments” programmes.
x The need is critical to conduct lobbying to persuade the Government to adopt 
PESDES. 
Reflection on the Strength and Applicability of PESDES 
This part presents some salient features of the PESDES as perceived by evaluators on its 
strength and relevance for the intended application and use in Tanzania.  
x The PESDES will improve watershed management in Tanzania. 
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x PESDES comes at the right time when actors represented by case study “Site A” are 
in the process of improving and retooling their local catchment office by installing 
internet capable facilities in order to communicate effectively with the outside world. 
x The PESDES approach is efficient for providing communities with the necessary 
information required for decisions making. Thus, PESDES fills the existing 
information gap in decision making at the watersheds. 
x PESDES is good because it is a fast way for generating and sharing of information on 
catchments and forest resources degradation among stakeholders.  
x PESDES has the potential to support collaboration and information sharing among 
conservation communities in the country’s basins, thus enhancing awareness on the 
PES.  
The additional comments from evaluators are presented in Appendix E. 
The evaluation exercise of the PESDES involved determination of the suitability and 
understanding of the artefact, to see whether the PESDES enhanced collaboration and 
decision making for watershed management. Specifically, the process focused on the 
evaluation of usability and usefulness aspects of the artefact.   
From the evaluation results, despite the statistical limitations of data collected,  it is 
observed that PES and watershed stakeholders who participated in the evaluation agreed 
that the PESDES has the potential to achieve its primary purpose of improving 
collaboration, enhancing decision making and is easy to use (i.e. usable and useful). From 
the results, also it is noted that the PES actors were of the view that usability could be 
better achieved with careful training, awareness raising and translated Kiswahili version. 
These are largely operational issues, which are not covered under the scope of the study, 
but will be addressed during implementation phase of the PESDES. The selected experts 
also perceived the PESDES design and the instantiation as highly useful and usable in 
addressing the collaboration and decision making challenges. Both usability and 
usefulness were further supported with positive statements in the qualitative sections of 
the questionnaires. Evaluators generally observed that the PESDES was suitable for use 
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in the PES schemes and had the potential to address collaboration and the decision making 
challenges inherent among PES stakeholders in a watershed management scenario.  
From the evaluation results, despite the statistical limitations of data collected, it is 
observed that respondents generally agreed with the positively formulated statements and 
disagreed with the negatively formulated statements. This implies that evaluation 
participants were not compliant respondents (van Sonderen et al., 2013), but rather 
unbiased respondents who read and understood the meanings of statements before 
responding. This is substantiation to an effective selection of participants for the 
evaluation exercise. 
Nevertheless, it was also noted that participants raised concerns about the general low use 
of computers and internet at grassroots level (basin level) and raised concerns about the 
PESDES dependence on internet, which may hamper the instantiation of PESDES. When 
participants were asked about the capability of their handsets to use the PESDES 
application, 60% confirmed that their handsets were capable and able to use PESDES. 
From the exploratory studies, it was also noted that, there are initiatives by the basin 
offices and local conservation groups to refurbish their internet capabilities which, if 
improved, will facilitate the use of PESDES in the country. 
Despite the enormous spread of the internet, this shows that the benefits of the internet 
have not impacted significantly the operations of the watershed stakeholders in the 
country like other economic sectors. The spread of internet usage is generally associated 
with positive economic outcomes such as trade and economic growth (Elgin, 2013). For 
instance in Tanzania, Internet Live Stats showed that Internet users grew tremendously 
from 2.228 million people in 2013 to 7.224 million people in 2016. The use of an online-
based PESDES will be part of the ICT revolution and therefore a technological 
development that PES actors in watershed management can embrace especially as its 
usefulness and usability have been confirmed by this study. 
6.11 Reflection on the use of ICT in PESDES 
PESDES deploys ICT capabilities in all of the four main suites. ICT in PESDES is 
intended to improve the activities in  watershed management interventions as presented 
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in the PESDES guidelines in appendix N. ICT in PESDES is a web-based system which 
manages individual tasks such as registration and addition of water flow data from the 
catchment area into the PESDES database. The primary objective of ICT is to enable 
watershed operations take place effectively and deliver desired changes. It supports 
effective communication through live chats and video calls in the awareness suite. It also 
supports evidence based decision making such as fare compensation based on evidence 
from the the measurements of waterflows.  
In addition, through appropriate ICT application, PESDES: 
x Facilitates data collection, storage and retrieval through the use of web-based 
forms for data and connected database. Web forms provide advantage over 
physical forms because they are validated by the system automatically as the user 
fills in information. In addition, these forms are available on a website and hence 
can be accessible at any location.  
x Helps to analyse data collected via the web based forms so as to organize useable 
information. A typical example involves the collection, collation and analysis of 
field data using the ICT supported additionality sub-suite (Section 4.5).  The use 
of ICT also helps in fast retrieval of information through the use of searching 
algorithms. 
x Handles the increasing demands for record keeping such as; operational files, 
meeting records, stakeholders’ profiles, accounting records and water flow 
measurement records. 
Some factors that might hinder a progressive ICT and the effective use of ICT in PESDES 
were observed, which include; limited ICT infrastructure, limited awareness, location of 
ICT expertise is generally unknown, and information is poorly shared. Some of the ICT 
systems are incompatible and cannot talk to each other electronically. These limitations 
have been considered in the development of PESDES guidelines. 
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CHAPTER 7: EPILOGUE 
This research started with the aim to enhance collaboration and improved decision 
making in PES schemes for watershed management in Tanzania. Following the 
pragmatic framework of Singerian inquiry and the abductive reasoning research 
strategy, a PESDES was instantiated and shaped by the users to fit into the context of 
PES schemes for watershed management in Tanzania.  Section 7.1 provides an overview 
of the study with a reflection on the research questions and inspiration. Section 7.2 is a 
reflection on the research problem and section 7.3 on the research approach. Section 7.4 
summarizes the contribution to knowledge and society. Section 7.5 expounds on the 
possible generalisations of the PESDES design while section 7.6 presents 
recommendations for further research.
7.1 Research Inspiration 
This research originated from the need to improve management competencies of 
stakeholders involved in watershed conservation through PES schemes by improving 
their collaboration and enhancing their decision making. By enhancing decisions the 
concerned stakeholders become more agile. With increasing demand for water supply to 
support economic activities such as industrial development, the Government is keen to 
protect water sources and reduce their degradation. Apparently, water shortage is a crisis 
in the country due to degradation of watershed ecosystems as evidenced (URT/VPO, 
2014; NAWAPO, 2002; Hirji et al., 2002). The literature and exploratory survey reveals 
that flows from the watersheds are rapidly degrading due to various operational 
challenges which were triggered by weak collaboration in relevant decision making.  The 
challenges in PES schemes due to the complex nature of stakeholders involved in 
watershed conservation were apparent. Further, challenges in PES schemes and 
watersheds were aggravated by inadequate management tools, weak regulation and lack 
of relevant data, inadequate information sharing, and limited use of ICT.  
These challenges define the complexity of the context in which PES actors in watersheds 
collaborate to facilitate decisions by management. The decision enhancement approach 
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of Keen and Sol (2008) was abstracted as a suitable approach for enhancing collaboration 
and decision making amidst this complex and volatile business environment. Keen and 
Sol (2008) instituted decision enhancement following a studio-based approach as an 
improvement to the decision support systems field focusing on decisions that matter. The 
choice of decision enhancement as a suitable approach was inspired by its successful 
application by various researchers (Tumwebaze, 2016; Katumba, 2016; Mirembe, 2015; 
Aregu, 2014; Amiyo, 2012; Ssemaluulu, 2012; Habinka, 2012) to address decision 
making challenges in various domains in East Africa.  
7.2 Research Problem
This study also investigated the state of watershed degradation in Tanzania which is 
currently threatening the nations’ developmental efforts. It has been observed that the 
quality and quantity of water from national watersheds has been deteriorating. 
Apparently, exploratory findings show that Government efforts in managing the situation 
have not achieved the expected results through the existing regulatory measures. 
Therefore, this study aimed to establish basis for reversing the trend and improving 
watershed management particularly by improved planning and operations at watershed 
level. As pointed out earlier, the goal of design science research is to develop prescriptive 
design knowledge through building and evaluating innovative ICT artefacts intended to 
solve practical problems (Livari, 2003; March & Smith, 1995; Hevner & Chatterjee, 
2010). The key research question characterizing this design science research was “How 
can one ensure that PES schemes are effectively practised to enhance watershed 
management in Tanzania using PESDES”?
Collaboration and decision making became a point of focus for this research basing on 
the premise that successful management of PES schemes and watershed can only be 
attained with effective and timely collaboration and decision making by all actors. In 
order to address this question, the researcher sought audience and interactions with 
concerned conservers and stakeholders and so mapped out ways of achieving the key 
objective of enhancing watershed management. In Chapter 1 and 3, the study gained 
insights into how stakeholders’ collaboration and decision making processes were 
constrained by a number of challenges. More often than not, collaboration and decision 
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making were weak regarding implementation of PES scheme and watershed management 
activities were not properly guided. In order to address the real problems, the study 
focused on four specific research questions: 
Question 1: What are the key processes involved in PES schemes and watershed 
management?
Since the focus of this research was collaboration and decision enhancement among 
stakeholders, the research started off with a broader understanding of this question to get 
a detailed and broad picture of how PES schemes operate and their role in watershed 
management. This set the scene for deeper understanding of collaboration arrangements 
and the decision making environment of stakeholders involved in watersheds. Further, it 
was necessary to gain insight into the processes involved in the collaboration and decision 
making in watershed management and the decision making practices among involved 
stakeholders.  An in-depth understanding of the PES schemes and watershed operations 
was obtained from literature (chapter 2) and the researcher engaged conservers and their 
stakeholders through exploration of the two case studies (chapter 3) to get practical 
insights.  
The PES scheme and watershed processes and operations described from literature were 
no different from those identified during the exploration. Nevertheless, the insights 
gathered from both literature and exploration were used to cluster PES and watershed 
processes and operations into five key interrelated processes  namely; (i) ecosystem 
services selling, (ii) ecosystem services buying, iii) knowledge provision by technical 
experts and practitioners, (iv) intermediary functions, and (v) free riding and the other 
parties’ related activities in watershed environments. The decisions made across these 
processes were equally interrelated and overlapped.  
These processes were generalised to define the stakeholders’ collaboration and decision 
making environment. Thus, four processes were identified as key areas in addressing PES 
schemes and watershed management, these included (i) awareness process, (ii) 
facilitation and incentive process, (iii) conservation competition process, and (iv) 
membership (administrative support) process.  
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It was noted that stakeholders’ decisions across these processes were in conformity with 
the description of decisions that matter as defined by Keen and Sol (2008) including 
complex, uncertain, highly consequential, non-reversible, and non-avoidable and entails 
multi-stakeholders. These were demonstrated by different researchers (Tumwebaze, 
2016; Bekker, 2016; Katumba, 2016; Mirembe, 2015; Aregu, 2014; Knol, 2013; Amiyo, 
2012; Ejiri, 2012). 
Question 2: What factors influence stakeholders’ collaboration and decisions in PES 
schemes and watershed management? 
Having gained a clear understanding of the operations of PES schemes and watershed 
management, the researcher aimed to ascertain the factors influencing stakeholders’ 
collaboration and decisions in these operations.  This question was addressed from both 
literature and actual field exploration.  
Literature review shows that, watershed management interventions involve many 
institutions and organizations that interact with each other and with an array of 
stakeholders. The interactions are complex issues and their management poses challenges 
which need to be addressed through theoretical knowledge, technological applications 
and experiences. The underlying argument is that effective protection of watersheds 
cannot be achieved by institutions involved in water management alone (Ngana et al., 
2010; Fidelman, 2008). It is apparent that, watersheds have many actors involved in 
individual interests and programmes that focus mainly on achieving similar long-term 
goals in a fragmented manner. Both literature and exploratory findings reveal that 
collaboration and decision making in watersheds is weak and is a stumbling block for 
achieving the set goals. (FAO, 2013; Fischer et al., 2010) assert that shortfalls in 
watersheds management largely emanating from weak stakeholders collaboration at the 
watershed level.   
Therefore, collaboration and decision making among actors are essential elements for 
management success and can best be realized if stakeholders effectively participate in 
relevant decision making (Ngana et al., 2010; Lasker, et al, 2001; Fawcett et al., 1995). 
It can be further emphasized that, stakeholders’ collaboration and decision making can 
be enhanced through the use of technology for information sharing and collaboration. In 
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addition, there are many interactive web tools and technologies available that can help to 
foster productive collaboration. It was also noted that, Decision Enhancement Services 
(DES) can be applied in PES schemes and watershed management in order to enhance 
collaboration and in decisions that matter (Keen and Sol (2008). (Erdogan, 2013; Borrini-
Feyerabend, 2000; Hennessy, 2000) also noted that collaborative mechanisms need to be 
understood and modernized to enable watershed stakeholders to negotiate, define, and 
guarantee among themselves a fair sharing of management functions, entitlements and 
responsibilities for water resources. 
From field exploration, a number of challenges were identified that hamper collaboration 
and exploitation of ICT in decision making for PES schemes and watershed management.  
Specifically, these challenges  slow down the pace of PES implementation and  prevent 
its adoption in the field. If the aforesaid challenges are properly addressed, both 
collaboration and decision making in PES schemes and watersheds will be enhanced. The 
importance of collaboration among PES and watershed stakeholders was evident from 
the case study interviews and focus group discussions. Collaboration is not only important 
in decision making but has an influence on the key activities and process that have impact 
on collaboration as identified in question (1) above.  It was further noted that the 
interrelated nature of the five processes was more efficient if actors in PES schemes and 
watersheds are able to collaborate and make decisions effectively.  
Furthermore, exploration gave an insight into ICT related challenges in existing 
watershed management systems. It is essential that a watershed network uses modern 
scientific techniques and technologies to facilitate communication, partnership and foster 
actions that are well planned and cost effective. It was also noted that effective 
engagement depends on effective communication and inclusive processes, increased 
awareness and understanding of issues and challenges. Likewise, it was noted that PES 
schemes and watersheds in Tanzania face a number of communication barriers and thus 
require Government efforts and determination in addressing the challenges if PES 
schemes and watersheds performance is to be improved.    
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Question 3: How can one design a studio for stakeholders’ collaboration and 
decision enhancement for PES schemes and watershed management in Tanzania? 
After achieving a generic understanding of PES schemes and watershed management 
decision making among stakeholders and using the insights gained from answers to the 
first two questions, design considerations for the PES Decision Enhancement Studio 
(PESDES) were undertaken. Given the above context, the researcher took a decisive 
enhancement lens and developed a studio for supporting interventions aimed at helping 
stakeholders to overcome collaboration and decision making challenges on PES schemes 
and watersheds using actors’ guides.   
The design considerations focused on the continuous interaction of the four interrelated 
processes of PES and watershed management narrated in chapter 3. These included 
membership (administrative support), awareness, facilitation and incentive and 
competition processes. It was observed that conservers and stakeholders require new 
ways of thinking, working, controlling and modeling for them to be able to address these 
challenges. This design was also grounded in the interaction of the three major 
perspectives of a decision enhancement studio entailing people, processes and technology 
(Keen and Sol, 2008). This research question was answered in chapter 4, through 
elaborated description of the PESDES in terms of the “ways of” framework consisting of 
the way of thinking, way of governance, way of working and way of modelling 
(Selingmann et al., 1989; Sol, 1988).  To facilitate the application of the PESDES, it was 
instantiated and tested by using experts’ consultations, experts’ workshops and FGD 
sessions.  
Question4: How can one evaluate the perceived usefulness and usability of the 
PESDES?
The purpose of the fourth question was to establish whether PESDES could indeed 
enhance stakeholders’ collaboration and decisions in the PES scheme and watershed 
operations. As Venable et al. (2012) rightly put it, evaluation provides evidence that a 
new technology developed in design science research ‘works’ or achieves the purpose for 
which it was designed. Evaluation was based on the parameters of usefulness and 
usability as derived from the Technology Acceptance Model of Davis (1989) and insights 
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from Keen and Sol (2008). Perceived usability and perceived usefulness were evaluated 
by PES actors, conservers and domain experts in various fields such as water and 
watershed management, natural resources management, environmental studies, ecology, 
irrigation, agriculture, GIS and ICT. The results of the evaluation as presented in chapter 
6 were largely positive with 78% of domain experts and 91% of workshop experts 
perceiving the PESDES as useable, while 72% of the domain experts and 79% of the 
workshop experts perceived the PESDES as useful for enhancing collaboration and 
decisions in PES schemes and watersheds. The evaluators were confident that the 
PESDES design and instantiation had the potential to enhance decision making among 
key PES actors and watershed stakeholders in Tanzania. Evaluators also noted that the 
PESDES design presented a logical process flow and was easy to interpret. They also 
noted that the instantiation was easy to use. 
For example, during evaluation, conservers and regulators generally agreed that they 
would use the PESDES in their processes and would recommend it to others for use as 
well.  Training can be a relevant mechanism to assist conservers to get acquainted with 
the PESDES, especially considering the low technology adoption that has often been 
associated with conservers in the country.  
From the foregoing discussion, it was noted that the overall research question was fully 
addressed. Decision making among PES and watershed stakeholders in Tanzania was 
enhanced using PESDES actors’ guides as in Appendix N. PESDES was implemented 
and evaluated to practically enhance PES actors and watershed conservers’ collaboration 
and decision making. The decision making challenges resolved by PESDES are real 
world problems affecting many sectors including water, environment and forestry in the 
country as well as in many transition countries (refer chapter 5).  (NAWAPO, 2002; Hirji 
et al, 2002) point out that water is an essential resource for all sectors of national 
economy.  In this view, the PESDES could potentially support economies of the sectors 
reliant on water that seeks to increase productivity such as industries, power generation, 
agriculture and forestry. This achievement will also minimise open struggles and 
occasional conflicts pertaining to water resources (Lerise, 2005). Conclusively, during 
the evaluation session of the PESDES, participants unanimously agreed that the artefact 
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was useful to the users particularly for improving their work efficiency and performance 
while facilitating stakeholders to enhance their collaboration and decisions (see also 
appendix O).   
7.3 Reflection on the Research Approach 
This study applied a rigorous research approach as presented in chapter 1. As an 
environmental regulator, the researcher is a reflective practitioner who applied a 
philosophy of engaged scholarship (Van de Ven, 2007) with key principles of design 
science research (Hevner & Chatterjee, 2010) and followed a research strategy of 
Singerian inquiry (Lester, 2005) in a pragmatist framework of abductive reasoning. 
Engaged scholarship in this study facilitated participation of stakeholders throughout the 
research process and helped to mitigate the biases of the researcher. Engaged scholarship 
informed the participation of conservers, regulators and other stakeholders at all stages of 
the research, making the study less of a solitary but rather a collective achievement. The 
design science philosophy was followed in order to create and apply an innovative 
artefact, the PESDES, to an identified problem of conservers’ collaboration and decision 
making as outlined in chapter 1 and 3 after understanding the problem domain as detailed 
in chapter 2. Design science enabled this research to advance both science and practice.  
Following the successful application of DSR in this research, the researcher notes that it 
is an appropriate research paradigm for problems of developing countries, which seek 
practical solutions for their economies. In fact, to address the widely perceived disconnect 
between scientific knowledge and practice (Cockburn et al., 2016), design science is an 
ideal philosophy to increase relevance of academic researchers in these countries so that 
they generate practical solutions to real world problems. The DSR approach enabled the 
researcher to design, instantiate and apply PESDES for supporting interventions intended 
to facilitate watershed stakeholders to overcome collaboration and decision making 
challenges on PES schemes and watersheds (Gregor and Hevner, 2013). March and Smith 
(1995) identify two design processes; “build and evaluate” ICT artefacts to contribute to 
both the practical concerns of society and to the body of knowledge. 
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As Van de Ven (2010) points out, the research was interactive and collaborative at each 
stage and the research aimed at investigating stakeholders’ collaboration and decision 
making in watersheds. It was a participative and intervention-oriented form of research 
for obtaining views of stakeholders to bring about change. Based on the notion that 
solving a complex social problem demanded involvement of multiple actors with their 
varying perspectives (Pettigrew, 2001; Van de Ven, 2007; Costello & Donellan, 2012; 
Hevner et al, 2004; Gregor & Hevner, 2013; Van de Ven, 2010), the researcher engaged 
conservers and key stakeholders to address the problem of degrading watersheds. In line 
with the above insights, the epistemological choice of pragmatism and ontological critical 
realism were thought of as suitable in an engaged scholarship research because of the 
focus on stakeholders’ perspectives (Knol, 2013).  
This choice also ensured that the research was well grounded by appreciating underlying 
perceptions, theories and constructions in the problem domain as outlined in chapter 2 
before finally designing and implementing a practical solution that will be useful in 
practice as in chapters 4 and 5. Given the ill-structured nature of the research problem, 
the research followed five major steps of initiation, abstraction, theory formulation, 
implementation and evaluation (Sol, 1982) which guided a clear understanding and 
conceptualisation of the problem before changing focus to problem solving.  
PES schemes and watershed management and decision making among stakeholders were 
studied from literature. An exploratory study was carried out and 536 stakeholders were 
involved in case study interviews of whom 10 were conservers and 13 were regulators 
who participated in the focus group discussions. Conservers and stakeholders were 
engaged in group interviews of focus groups to brainstorm on decision processes and 
challenges encountered to improve watersheds and get collective views of conservers in 
their basin context. The reasons for using focus groups interviews were: (i) flexibility in 
handling specific issues, (ii) direct interaction with participants about design issues and 
(iii) collection of large amounts of data suitable for DSR (Hevner & Chartterjee, 2010).  
The multiple cases and multiple stakeholders gave the desired depth of the exploration 
exercise and robust findings, which were generalised to the 9 water basins (watersheds) 
in the country. Subsequently, this generic understanding informed the design 
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considerations for the PESDES. The PESDES is described using the “ways of” 
framework outlined in chapter 4 in terms of way of thinking, way of governance, way of 
modelling and way of working (Selingmann et al., 1989; Sol, 1988). The design involved 
engaging with key stakeholders such as conservers, buyers, knowledge providers, 
intermediary groups and other parties to explain the activity flow diagrams for the 
awareness process, facilitation and incentive process, conservation competition process 
and administration supportive process.  
The activity flow diagrams informed how stakeholders are enhanced to make decisions 
on PESDES.  PESDES was instantiated as detailed in chapter 5 following insights from 
the prototyping approach (Cleven et al., 2009; Hevner et al., 2004) and principles of 
Service Oriented Architecture (Kamoun, 2007).  Instantiation focused on the end user and 
ensured that the PESDES was understood and easy to use by stakeholders. The initial 
implementation of PESDES helped in the incorporation of stakeholders’ views and to 
effect the necessary changes. When evaluation was conducted among conservers and 
domain experts to ascertain the perceived usefulness and perceived usability of PESDES, 
despite the paucity of data the results were largely positive as elaborated in chapter 6, 
which gave the desired credibility to the contribution of this study. The ideas originally 
held by the researcher were contextually shaped and refined by the deployment of the 
artefact. For instance, experts commented that the PESDES was not only an artefact for 
enhancing stakeholders’ collaboration and decisions but also for documenting best 
practices of conservers.  
Throughout the research, several appropriate research instruments including case studies, 
focus group discussions and literature were used (see Fig. 7.1). The study was highly 
participatory and engaged stakeholders at every stage of the research, providing a distant 
link with the researcher’s experiences. The involvement of targeted users of the PESDES 
throughout the study provided the researcher with an adequate understanding of the users 
and their needs. 
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Figure 0.1: Framework of the research methods used in the study 
The author is a reflective practitioner, who over the years has been hand to the 
Government and watershed stakeholders in addressing topical issues in watersheds. 
Considering this background, the author was inspired to contribute towards solving the 
water management challenge in Tanzania. The author was involved in paying attention 
to the practical values and theories which informed everyday actions, by not just looking 
back on past actions and events, but also taking a conscious look at stakeholders’ 
emotions, experiences, actions, and responses. As the author reflects over the years 
invested in doing this research work, it could simply be said that every aspect of the study 
brought different but challenging experiences. While parts of those experiences had been 
easygoing and exciting, others were much difficult and needed much reflection. 
Field and Data collection 
There are two main challenges that faced the research during data collection. Firstly was 
the limited number of PES experts and practitioners in Tanzania and secondly were the 
limited potential PES case study sites. There were only two potential PES sites available 
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to the researcher whereby one of the sites was a closed PES project in Morogoro and 
another was an ongoing one in Tanga.  Therefore, these two factors constrained the study 
in many ways. However, experts with related / relevant background were all invited in 
various working sessions and received basic training on PES issues using the team of the 
PES experts in the country. These participants were very useful after the training and the 
author maintained contacts of the group. Above, two existing PES sites were all selected 
(site A & B) and the project team members for the closed site were called back and 
received orientation and training on the purpose and scope of the study. Project members 
in the ongoing site received orientation on the research project. Their contacts were also 
kept for future use. These challenges have hampered the development of PES initiatives 
and hence this study contributes towards addressing them and promotes PES for 
watershed management in Tanzania.  
Interventions 
This research has provided some key interventions, mainly by designing, instantiating 
and evaluating a broad array of services for improving PES schemes and watershed 
management activities. The PESDES actors’ guide is a multi-component intervention 
tool, which comprises the targeted result areas. The result areas can thus lead to localized 
changes in existing water catchment. These interventions were examined for their 
professional values and efficacy. Adopting the use of PESDES actors’ guidelines in 
Tanzania is paramount; monitoring and evaluating the interventions should explore these 
best practices further.  
Lessons Learned
Undertaking this research study has been an invaluable learning experience. In reflecting 
on that experience, the author has identified various lessons learned along the way. The 
main lessons learned by the author from conducting studies in a rural population setting 
and an ill-structured nature of collaboration in watershed management in a complex and 
unpredictable environment were: 
i. Learned that conducting research with participants and assistants is an art and 
science of its own: The team members must have a clear understanding of the 
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purpose of their involvement. It does require skills for interaction between team 
members.  
ii. Noted that an innovative artefact (e.g. PESDES) developed through design 
science research is vital in addressing the identified real world problem. The 
author learned the interest and urgency within the society that pushed for promptly 
use of the PESDES for addressing watershed management challenges.  
iii. Gained some understanding of the nature of research and of the cyclical nature of 
the research process. The author learned that things do not fit neatly into 
categories and that research can be frustrating and sometimes tedious, yet at other 
times immensely rewarding and even exhilarating.  
7.4 Contribution of the Study 
This research, contributes both to society and to the body of knowledge. The study has 
made three major contributions. Firstly, the PESDES has found immediate application in 
the water catchment management in Tanzania as a scientifically guided practical 
intervention. Secondly, the methods for determining the additionality factor (section 4.5) 
and information sharing on the PES market products (section 3.7) are new interventions 
devised by this study as well as protocols contained in the PESDES actor’s guide on 
various interventions for the watershed management. Thirdly, the research extended the 
theory and methods of decision enhancement using the studio concept of Keen & Sol, 
(2008) in a new domain. The application of DES in the field of PES schemes and 
watershed management and the theory of DES provides a new perspective through a 
studio with new suites and sub-suites that are specific for watershed management. 
Through suites and services, stakeholders in watersheds can effectively collaborate and 
improve their decision making potential. 
The study combines design science and engaged scholarship in solving a socially relevant 
problem of watershed degradation (Sein et al, 2011; Venable, 2012; Livari & Venable, 
2009).  Design science research should make clear contributions to the real world 
application environment from which the research problem or opportunity is drawn in 
addition to knowledge contribution (Hevner et al., 2004). (Van de Ven and Johnson, 
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2006) also emphasized that engaged scholarship should not only facilitate the relevance 
of research for practice but also contribute significantly to advancing knowledge in a 
given problem domain. From the perspectives of both engaged scholarship and design 
science research, which are the guiding philosophies of this research, contributions to 
science and practice are important.   
The research also used the theory and methods of the decision enhancement approach 
using the studio concept of Keen & Sol, (2008) in the new domain: the PESDES which 
provides actors’ guides (see appendix N, recipe E2) and decisions such as made by 
UWAMAKIZI to revise work plan and budgets based on information sharing as guided 
by the PESDES actors’ guides and configuration of information in the management page 
by KIKUNDI MTANDAO to submit progress report to donor on time enhanced the 
ability and agility among conservers to collaborate effectively in decision making relating 
to watershed management.   
As stated by March & Simon (1995), design science research should create an innovative 
artefact that provides both descriptive and prescriptive knowledge. This research 
contributes to descriptive knowledge by enhancing understanding of collaboration in a 
watershed management setting, decision making processes among stakeholders using 
PESDES actors’ guides, underlying theories and context specific interventions for 
watershed management. All these have influence on various policies at different levels 
and the application of DES in the field of PES schemes and watershed management.  
This research also makes a contribution to society through achieving the national vision 
of the national sectoral policies such as water policy (NAWAPO, 2002) that aims at 
ensuring participation of beneficiaries in watershed management through competition in 
catchment conservation initiatives, games and sport activities, environmental policy 
(NEP, 1997); that aims at supporting the overall national objective for clean and safe 
drinking water and the 2025 development vision for achieving additional clean, safe and 
plenty water which guarantee high quality livelihood for the people in Tanzania. 
Subsequently, this research also contributes toward achieving the millennium sustainable 
development goal number 6 (SDG6) which aims at ensuring additional and sustainable 
clean water and sanitation at all levels of the society. Building on these views, the 
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application of PESDES is seemingly enshrined in various policies, thus depicting a 
potential for contributing to the theory building of watersheds and consequently 
influencing other relevant policies.  
The generic understanding of the collaboration and decision making context of watershed 
stakeholders in Tanzania formed the basis for design considerations for the PESDES. 
From literature, it was noted that previous researchers from various disciplines have 
developed collaborative approaches in watershed management (Edorgan, 2013; Scott et
al., 2010; Wang, 2001).  While these approaches have been valuable additions to the body 
of knowledge, this research identified a lack of a more encompassing approach, which 
enhances actors’ interaction through enabled web-based system for watershed 
stakeholders’ collaboration.  PESDES is an ICT-based artefact that addresses the intended 
problem domain. The PESDES is a contribution to the body of knowledge regarding the 
mode of collaboration and decision making for PES scheme and watershed management.  
Some examples that use PESDES’ processed input for enhancing decision making and 
collaboration include; (i) output from the water flow field measurement is an input in the 
determination of the “fair compensation” for ES paid by ESB as per guidelines in section 
4.5 - Appendix N & Recipe B, (ii) the PESDES guidelines in appendix N provide logical 
steps and actions combined with information processing through PESDES for addressing 
watershed issues that matter. Subsequently, this process promotes collaboration and 
enhances decision making, (iii) participation on live chats using PESDES enhances 
collaboration between stakeholders, (iv) the documentation repository hastens the process 
of solving problems and knowledge sharing among actors in a watershed, and (v) 
PESDES through various forms generate data and information relating to market 
products, performance results of the competition (i.e. winners) and stakeholders’ profiles 
in the PESDES database which is used to facilitate the decision making process. Specific 
decisions that are enhanced through PESDES include; ecological service buyers (ESB) 
can decide and confirm purchase orders online with the ecosystem service sellers (ESS) 
for any selected commodity including arrangements for its delivery, the decisions by the 
“Competition Management Panel” regarding selection for participation and winners 
among conservers’ groups are enhanced through PESDES with short response times. 
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Stakeholders’ profiles are used in improving collaboration and enhancing operational 
decisions such as formulation of stakeholders’ management plans as well as 
communication & reporting plans.   
Moreover, PESDES has not been applied in watershed management elsewhere and it is 
currently deployed in watershed management and integrated water resources approaches 
in the SADC region. The investigation of the concept of PES and DES using the ‘ways
of’ framework to assess methodologies and articulate PESDES, the interventions 
determining the additionality factor and information sharing for PES products increased 
the ‘originality of the study’.  
There are various ways in which one can make 'an original contribution to knowledge' - 
such as by developing new theories, challenging or re-interpreting existing theories, or 
applying existing theories to new areas of knowledge. This study inclines towards the 
second approach.  
7.5 Generalizability of PESDES 
The goal of a good design theory is generalizability and the utility of the design artefact 
in similar cases (Venable, 2012). According to Wieringa (2014), DSR iterates over 
solving and answering knowledge questions as well as contributing to knowledge and 
practice while asserting that generalizability in DSR may only be possible in 
contextualized circumstances. The generalizability of PESDES was attested through 
evaluators’ insights by conservers and experts. Given the insights from the evaluation 
sessions with conservers and experts, the intervention suites and sub-suites can be adapted 
depending on needs and use beyond the domain of the watershed to other context specific 
domains to natural resource management such as forestry, wildlife, lands, environment, 
and agriculture resources. The potential capabilities of PESDES can go beyond the PES 
schemes and watersheds and address collaboration and decision making challenges in 
afore-mentioned natural resource sectors and others.  
The generic structure of PESDES has functional features that are commonly found in the 
management operations of different sectors. The suites and sub-suites in the PESDES are 
generally found to be applicable in the natural resources sectors. In this case, membership, 
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awareness, facilitation and incentive, and competition suites, as well as marketing and 
documentation sub-suites will be useful application in developmental activities both in 
the public and private sectors. For instance, the forest sector and agriculture sectors are 
currently implementing programs that may require the application of PESDES through 
its suites and sub-suites services and recipes. In addition, the actors’ guides can be widely 
used in the mentioned sectors.  
PESDES can be generalized and its application would only need modification 
(customization) to relate to other domains where collaborative arrangements and decision 
making are relevant and can contribute greatly in solving real life problems.  In the course 
of this research, the focus was on getting insights from stakeholders’ collaboration and 
decision making practices in their effort to attain sustainable watershed management. The 
insights can be generalized to other domains in the relevant sectors such as land-based 
resources and beyond. Similarities between watersheds and other natural resources 
domains include that stakeholders are generally not well coordinated, decision making 
lack reliable data and guidelines, information and proper records, and experiences, 
knowledge and skills among stakeholders are individually possessed, private and are 
hardly shared amongst actors.   
In summary, PESDES can be adapted and generalized to other domains other than PES 
schemes and watersheds. The generalizability of PESDES is supported by the following 
factors: 
i. The design of PESDES suites and sub-suites can be altered to suit other domains 
where collaboration and decision making processes are relevant and can 
contribute in solving real life problems. 
ii. Given the insights from the evaluation sessions with conservers and experts, the 
PESDES actors’ guides can be adapted and used beyond PES schemes and 
watersheds such as forestry and environment sectors.  
iii. The stakeholders involved in designing the PESDES that include sellers, buyers, 
regulators and experts who are the typical stakeholders found in other natural 
resource management sub-sectors. 
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7.6 Recommendations for Further Research
i. A post-study extension for two years to allow a “practical pilot case” for a selected 
catchment to enable further evaluation of PESDES performance and allow 
refinement of PESDES actors’ guides before up scaling. The government and 
relevant institutions will be urged to participate and finance the project because it 
will provide deeper insight and guidance to the full PESDES adoption process. 
ii. An in-depth understanding is needed regarding the application of DES in 
providing solutions for enhanced decisions that affect other natural resource 
management sub-sectors such as forestry and environment in Tanzania.  
iii. An in-depth understanding is needed of the sustainability model for PESDES 
implementation (with a focus on social, technical and financial aspects). This will 
include understanding the suitable markets model for supporting livelihood 
activities.   
iv. The PESDES depends on data input from measurements of the water flow and 
water quality for determining scores which is key inputs for additionality and 
subsequent calculations for compensation. Thus, additional field based studies are 
needed in order to capture input for the model to be more functional (refer 
Appendix N, recipe “A2” and “B” as well as Appendix O, target A and B). 
v. An in-depth understanding of the regulatory framework to facilitate the adoption 
and implementation of PESDES in other sectors is crucial.  
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x Coordinates the CC/PSC, budgeting and 
planning for farmers groups, 
x Oversees group activities for the village, 





x Receives plans and budgets from village 
level, receives reports from EC/PSC. 
x Participates in decision making and 
implementation, procurement, 





x Prepares annual plan and budget after 
reviewing plans from village level, 
x Monitors project activities, 
x Undertakes secretariat functions, signatories 
in contract agreements, coordination of fund 





DPs:  WWF 
and Care 
International.
x Offers technical and material support,
x Coordinate between buyers and seller,
x Monitoring and evaluation, 
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x Responsible for formulation of by-laws,  
enforcement and conflict resolution,  
x Oversee the conservation activities and 













x Serves as land owner and provider, 
x Oversee implementation and management of 
PES activities, 
x Formulate by-laws and its approval as well 
as enforcement of water sources and 
catchment & boundary identification.  
x Convene  public meeting and hearing,
x Serves as focal  point for PES buyers and 
PES contracts, 
x Engage in conflict management & 
resolution,
x Scrutinize reports from village and ward 
authorities and submits to DC, DAS and 
DED, 
x Ensure security, land use planning, by-laws 
enactment (Council Assembly) 
x Approve development agenda.
 Ministries, 
Departments 
x Register PES project, 
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x Provide technical support, 
x Monitoring and evaluation, 







x Provide sellers’ compensation, 
x Participate in monitoring and evaluation




x Engage in free enjoyment of the ecosystem 
services,
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Conservation Group  
x PESDES model comes to us at the right 
time as we are in the process of developing 
our office and we expect to install internet 
capable facilities in order to be able to 
communicate with the outside world. 
x Through this model and associated power 
of communication, the world will know 
what we do as the country’s role model in 
the water catchment conservation area. 
x We implement promptly an awareness 
program about this model which should be 
introduced in the many possible ways 
considering remote communities to 
support information sharing in catchments 
management. 
ER2 Chairman, Water 
Users’ Association, 
Upper Zigi River 
Catchments 
x The PESDES model is easy to apply and 
we recommend for adoption and use by 
Government entities responsible for 
environment management (e.g. NEMC) in 
order to support PES programs in the 
country. 
ER3 Ward Executive 
Officer (WEO), 
Upper Kibungo Ward  
x This model is a powerful tool that provides 
communities with the necessary 
information required for decisions making. 
This model fills the existing information 
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gap in the country’s watershed 
conservation.
x This model will inspire communities’ 
participation in watersheds conservation.
x This model is good because it is a fast way 
for generating and sharing of information 
on catchments and forest resources 





x This model supports information sharing 
and keeps the various conservation 
communities in the country aware of PES 
issues.
ER5 Morogoro Urban 
Water and Sewerage 
Authority 
x The model could be more useful if 
integrates mobile phone usage and should 
be readily available in the play store of all 
phone handsets.
x For quick dissemination of information 
provide a room for notification to members 
ER6 Veterinary Science, 
Sokoine University of 
Agriculture  (SUA) 
x A Swahili interface of PES should be made 
available for wider application and use.




o The usability and usefulness of the 
PESDES model could very much be 
improved if the model is adopted in 
situations where the policy and legal 
frameworks are in place.
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o An operational and effective support 
mechanism for PES is needed as this is still 
lacking in Tanzania but is very critical for 
any and all PES arrangements to be 
practically meaningful.
ER8 Hydrologist, Pangani 
Basin Water Board 
(PBWB) 
o I believe this PESDES model is going to be 
an important tool for watershed 
management if well applied. It is a timely 
intervention for the Ministry of Water, 
especially the Directorate of Water 
Resources to think about PESDES model 
and make the right decision to adopt it and 
put into use before the end of the 
‘’Sustainable Watershed Management-
Zigi and Ruvu Catchment programs. 
ER9 Hydrologist, Acting 
Basin Water officer,  





o Monitoring stations need to be improved or 
constructed in order to have actual data 
which can be used to update the PESDES 
model on a continuous basis.
o Training for key stakeholders is essential 
especially those involved with monitoring 
of water resources, for easy understanding 
and effective use of the PESDES model.




o Add abstract for the documents
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o Summary of the previous discussion 





o PESDES can become a tool that 
contributes to solving the problem PES 
implementers which is “where to get data”.
o It is important to understand that sellers of 
environmental services are common 
people who have low level of education. So 
more improvement is needed for the 








o The suites could be supplied with some 
background information to highlight the 
possible activities that users can perform.  
o In all suites you could supply some 
fictional information to give a glimpse of 
the workability of the tool to new users.





o This is a useful tool in decision making 
processes. The PESDES has added 
advantage that enables the service provider 
to assess their competence and 
performance in relation to others. 
o Software can have provision for the 
Swahili language to attract a large audience 
in using and applying PESDES.  
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ER14 Wildlife Ecologist, 
TAWIRI, PhD 
Student, IHE Delf 
Institute of Water 
Education, The 
Netherlands. 
o Perceived usefulness and usability terms 
are somehow confusing. For example, 
saying using PESDES enhances or does 
not enhance collaboration while it has not 
been used seems difficult to comprehend.
o Actually PESDES is useful but has not 
been used to my knowledge. Access to 
information and data after creation of 
account and signing in is not possible.
o It needs self-opening information i.e. more 
information about what it is? How it 
operates, benefits and more that can be 
explored in the PESDES. 
o I suggest addition of national language i.e. 







o I suggest the addition of email verification 
after successful signing in on the PESDES 
model. This will serve as backed up for 
registered users in case they forget their 
login in information.
ER16 Environment, Land 
and water, WWF 
o The model is useful and easy to access but 
it needs a column of standard for people to 
compare the baseline with obtained results. 
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o The model should be promoted to 
ecosystem conservation groups and NGOs 
engaged in the management of wetland, 
mangroves and other forests to sharing 
their work in this model.
ER17 Hydrologist, Rufiji 
Basin Water Board 
 
o PESDES is a good platform for improving 
watershed management through 
participation of different stakeholders. 
o It is a suitable tool for technical experts as 
well as planners and probably decision 
makers, but I don’t see if it is really going 
to be used by the grass root communities 
and local leaders such as village 
Governments as well as the Water User 
Associations who are in direct touch with 
watershed resources. 
o There is a need for a platform either within 
PESDES or outside PESDES which will 
cover shortfalls particularly in language 
aspect as well as to provide for technical 
understanding.






o The PESDES modal is equipped with all 
necessary information that provides a user 
with all important information towards 
management mechanisms for watershed 
management. The modal provides room for 
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information sharing to the different water 
users.










o The icons in various sub-suites (e.g. 
messages, notifications, and update under 
the awareness suite) should be highlighted 
with cursor navigation so that the user 
knows what they mean and decide whether 
they need to click them or not. 
o In all suites provision should be made of 
some fictional information to give a 
glimpse of the workability of the tool to 
new users. 
o The suites could be supplied with some 
background information to highlight the 
possible activities that users can perform.




x In the PESDES Competition Platform 
some of the parameters in the entry 
requirement menu need to be defined 
within the boxes (e.g. small, medium, and 
large). 
x Elements of the marketing need to be 
defined in the context of PES in watershed 
management. 
x Generally all the section should have 
provided an example to enable new users 
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to follow and make efficient use of the 
model.
ER21 Sokoine University of 
Agriculture, 




o The content of the model is well structured. 
However, when it reaches the 
commercialization stage, more watershed 
specialists need to make inputs to make it 
more usable
The model should have options for language 
change and simple app. For communicating 
with normal phone sms in rural areas not all 
watershed users are using smartphone




o The tool is good as it brings watershed 
stakeholders together to discussion, 
 
ER23 Environment Officer,  
Wami/Ruvu Water 
Basin Board  
o The PESDES model should be made 
available to the play stores of the mobile 
phones.
o The PESDES communication facilities 
should use the internet.
ER24 Water Users 
Association, Mkindo 
River Sub-catchment 
o Competing adjacent WUAs will increase 
the conservational morale among WUAs
ER25 Surface Water 
Resources Engineer, 
Wami/Ruvu Water 
Basin Board,  
o The program is good since it will ensure 
conservation and security of livelihood,, 
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ER26 Water Users 
Association,, Mkindo 
River Sub-catchment 
o Enhance human resource capacity in 
effective use of PESDES
o Conduct awareness and training programs 




Basin Board),  
o Enhance awareness to familiarize PESDES 
among users




Basin Board  
o Apply in Kiswahili language
o Good tool for marketing strategies
o Propose the way it can fit into the existing 
water resources.
ER29 Mvomero District 
Council 
o Provide definitions for all new vocabulary 









Appendix F: Information Input Questionnaire (IIQ) for investigation of factors for 
performance of PES Scheme at Bwembera and Amani Divisions in Tanga Region (Site 
A)
A. Introduction 
Dear respondent, my name is (researcher / representative) from the National Environment 
Management Council (NEMC). As you may remember, PES project (EPWS) is being 
implemented in your village. I am here on a research into factors necessary for PES 
scheme performance improvement. I kindly request you to answer the following 
questions.  
Hq1. Date ……...……/……….…/……….. 
Hq2. Name and sex of the interviewee (Conserver)  
Name  Sex (M=1, F=2) 
  
 
Hq3. Number of people in the household
Male  
Female  
Hq4.  What is your age group?
18-47yrs 1 
48yrs and above 2 
Not known 3 
 
Hq5. What is your level of education? 
Never attended school  1 
Didn’t complete primary education 2 
Completed primary education 3 
Didn’t complete secondary education 4 
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Completed secondary education 5 
College level education 6 
 
Hq6. IIQ conduction area 
Province  District  Division  Location  Village  
     
 
B. Membership and conserver’s awareness 
HQ1. Are you aware of the existence of watershed conservation group in this 
community? 
1) Yes    2)  No 
HQ2. Are you a member of the UWAMAKIZI group?   
1) Yes      2)    No 
HQ3. If a member, for which reasons did you join the conservation groups? 
1) Group offering training on proper land use and watershed conservation 
2) Group free from political constraints, but busy improving livelihood 
3) Group have legal mandate that protects the conservers’ interests 
4) Any other reasons<name> 




4) Sanaa na Michezo 
5) Bustani 
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6) No group  




HQ6. Are you aware of the main stakeholders and the participating parties in this 
scheme? 
1) The main stakeholders are conservers and other participating parties are WWF 
2) The main stakeholder is WWF and the participating parties are conservers 
3) Conservers are the main stakeholder, WWF and local Government are the 
participating parties 
4) Government is the main stakeholders and WWF and conservers are participating 
parties 
5) Any other {name} 
 
C. Institutional and legal issues  
HQ7. Do you agree with the general guidelines that were used in selecting the group 
leaders? 
1) Yes - I prefer them   2)  No - not preferable to me 
HQ8. Give reasons for your preferred answer in HQ7 above. 
1) It’s the easiest and reliable way 
2) It followed the guidelines provided by the scheme 
3) It’s a country system 
4) Any other{name} 
HQ9. Give challenges that result from the leadership system of the scheme? 
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1) Not exercising their duties properly for lack of knowledge about organizing 
community teamwork 
2) Lack of enough facilities, equipment, communication systems and poor 
infrastructures 
3) Participation, transparency and conducts of the stakeholders is not satisfying 
4) Any other {name} 
D. Rights and obligations  
HQ10. In your own opinion, how do you rate the performance of all the stakeholders 
in consideration of the scheme system? 
1) Very good   2)  Good    3)   Moderate     4)   Poor   5)  Very poor 
HQ11. Have you got any training on proper land use and watershed conservation? 
1) Yes      2)    No 
HQ12. Where mostly do the scheme skills trainings take place and who offers or 
sponsor the trainings 
1) Training is offered in groups under WWF sponsorship 
2) Training is offered in groups under Government sponsorship 
3) Training is offered in groups under sponsorship of WWF and Government 
4) Training is offered at different seminars under WWF sponsorship 
5) Training is offered in learning institutions under Government and WWF 
sponsorship 
6) Any other {name} 
HQ13. How do you participate in conservation activities of your surrounding 
environment? 
1) I am a member of UWAMAKIZI and undertaking all its programs 
2) I have joined the group and undertaking only some of its programs 
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3) I am not a member but I take part in its programs 
4) Not a member and not taking part in any of its programs  
HQ14. How many times have you missed group activities? 
1) 1-20 times   2)  21-30 times    3)  31 times and above   
HQ15. Which of these processes did you follow to acquire the land that you own? 
1) Hired   2)  Given by Government  3)  Inherited land  4)  Bought  5)  Any other 
{name} 
E. Forestry and water issues  
HQ16. How has the scheme managed to restrict illegal tree harvesting in this 
community? 
1) Through different committees organizing frequent patrols in forested areas  
2) Villagers being watchdogs to one another (through neighbourhood influence) 
3) Any other{name} 
HQ17. How do you perceive these rules restricting you from cutting down trees that 
are under your ownership? 
1) A good practice that will ensure safe environment  
2) The restriction is like an insult, denying access to my own properties.  
3) Any other opinion 
HQ18. What was the quantity output of water of this community before the 
commencement of the scheme? 
1) Very high   2)  High    3)   Moderate     4)   Low   5)  Very low 
HQ19. How is the water quantity now under the scheme system? 
1) Very high   2)  High    3)   Moderate     4)   Low   5)  Very low 
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HQ20. What was the quality output of water of this community before the 
commencement of the scheme? 
1) Very high   2)  High    3)   Moderate     4)   Low   5)  Very low 
HQ21. How is the quality now under the scheme system? 
1) Very high   2)  High    3)   Moderate     4)   Low   5)  Very low 
HQ22. Which progressive plans do you have in place for conserving water and its 
sources? 
1) Planting trees that generate water alongside the stream banks and reduce illegal 
harvesting. 
2) Practicing in modern farming methods required in watershed areas  
3) Reducing illegal mining activities in watershed areas and streams 
4) Any other {name} 
HQ23. What challenges that do you face while engaging in scheme system? 
1) No water supply system  and  direct access to water flowing in streams is also 
restricted 
2) Non-compliance practices are still high 
3) Lack of equipment and facilities 
4) Any other {name} 
F. Communication and monitoring systems 
HQ24. Which are the most preferred communication systems for the activities of the 
scheme? 
1) Public hearings  2)  Telecommunication  3)  Personal visits direct to the offices  
4) Any other {name} 
HQ25. How do you rate the quality of communication in this scheme? 
1) Very good   2)  Good    3)   Moderate     4)   Poor   5)  Very poor 
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HQ26. Are the scheme activities being monitored? 
1) Yes    2)  No 
HQ27. Who is responsible for monitoring and reporting about the scheme system? 
1) Local Government  2)  Group leaders   3) CARE-TANZANIA 4)  Conservers   5)  
Any other{name} 
HQ28.  Is the monitoring and reporting system on scheme satisfactory? 
1) Yes    2)  No 
G. Policies and legal issues  
HQ29. Are there any legislations and local statutes that guide the scheme activities? 
1) Yes    2)  No 
HQ30. Which is the source of amended legislation and local statutes used by the 
scheme? 
Local Government 1 
UWAMAKIZI group 2 
WWF 3 
 
HQ31. Comparing the rate at which conservers are falling victims of non-
compliances, how can you rate the effectiveness of the local statutes and legislation 
system available for the scheme? 
1) Very high   2)  High    3)   Moderate     4)   Low   5)  Very low 
 
H. Community welfare  
HQ32.How do you rate the community livelihood before the start of the scheme?
1) Much better    2)   Better     3)    Moderate    4)  Poor   5)   Much poor 
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HQ33. How are do you rate the community livelihood during this time of scheme 
supervision? 
2) Much better    2)   Better     3)    Moderate    4)  Poor   5)   Much poor 
`HQ34. How has this scheme benefited this community? 
1) Group work and community interactions 
2) Conservers respect environment and its resources 
3) Environment services are available to generate income 
4) Any other{name} 
HQ35. How do you rate the future expectation of availability of water resources and 
community livelihood? 
1) Much better    2)   Better     3)    Moderate    4)   Poor   5)   Much poor 
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Appendix G: Information Input Questionnaire (IIQ) for evaluation on factors 
influencing performance of PES Scheme at Kibungo-Juu Ulugulu in Morogoro 
Region (Site B) 
 
A. Introduction 
Dear respondent, my name is (researcher / representative) from the National Environment 
Management Council (NEMC). As you are already aware, PES Scheme under CARE was 
implemented in your village and closed in 2012. I am here on a research to assess the 
factors necessary for effective performance of a PES scheme. May I have your 
willingness as a respondent to spare your limited time to answer the following questions?  
HQ1. Date ……...……/……….…/……….. 
HQ2. Name and sex o the interviewee 
Name  Sex (M=1, F=2) 
  
 
HQ3. Number of people in the household   
Male  
Female  
HQ4. What is your age group?                           
18-47yrs 1 
48yrs and above 2 
Not known 3 
 
HQ5. What is your level of education? 
Never attended school  1 
Did not complete primary education 2 
Completed primary education 3 
524426-L-bw-Baya-SOM
Processed on: 21-9-2018 PDF page: 241
Enhancement of Watershed Management in Tanzania using PESDES 
   
 219 
 
Didn’t complete secondary education 4 
Completed secondary education 5 
College level   6 
 
HQ6. IIQ conduction area 
Province  District  Division  Location  Village  
     
 
B. Conserver membership and awareness 
HQ7. Do you recognize the presence of a group that deals with proper land use and 
watershed conservation in this village? 
1) Yes         2) No 
HQ8. Are   you a member of the group? 
1) Yes        2) No 
HQ9. Are you still a member of the group or a drop out?  
1) Proceeding       2)   Dropped out 
HQ10. For which reasons did you drop out of the group? 
No motivation in terms of payments, equipment, trainings etc.  
Group leadership and ruling system difficult   
Personal reasons such as sickness, personal decision, etc.)    
Group policies being unfavorable    
Any other{state}  
 
HQ11. Do you know CARE-TANZANIA which implemented the PES scheme in this 
location?
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1) Yes            2)   No 
HQ12. Do CARE-TANZANIA still support and supervise the watershed 
conservation and protection activities after the closure of the project? 
1) Yes        2)   No 
C. Scheme indicators and benefits 
HQ13. To which extent have you benefited from this scheme? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
HQ14. Up to this moment, how has the project objectives been obtained? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
HQ15. Which indicators do you have, to show the scheme achievement? 
Advanced farming methods such as terraces etc. 
Planted different tree species provided by the scheme 
Goat ranching  
Available high quality and quantity of water  
Any other <state> ………………………………………………………………. 
 
D. Scheme challenges 
HQ16. Which are the challenges that you face in regard to the scheme system, this time 
that CARE-TANZANIA is not in the supervision of the scheme? 
Lacking motivation that is trainings, manure, equipment, etc. 1 
Poor neighborhood influence to the scheme  2 
Unfavorable climatic variations 3 
Poor infrastructural facilities such as road, communication and water supply 
systems  
4 
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E. Communication and Monitoring systems 
HQ17. How is the communication situation of the scheme among stakeholders? 
1) Very good    2)   Good     3)    Moderate    4)   Poor   5)   Very poor 
HQ18. Which among the communication system used by PES scheme do you 
consider good and is most preferred and recommended by you? 
1) Letters    2)   Telecommunication     3)   Public hearings 4)   Announcements in 
learning institutions    5)   Any other<name> 
HQ19. To which extent has this most preferred communication system boosted the 
scheme performance? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
HQ20. Are the scheme activities being monitored? 
2) Yes    2)  No 
HQ21. Who is always responsible for monitoring and reporting of the scheme 
system? 
2) Local Government  2)  CARE-TANZANIA  3)  Group leaders    4)  Conservers   
5)  Any other{name} 
HQ22.  To which extent has monitoring and reporting system benefited the scheme? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
 
F. Scheme legislation and local statutes 
 
HQ23. Are any legislation and local statutes to guide the scheme activities? 
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2) Yes    2)  No 
HQ24. Are local statutes and the legislation available to accommodate the situation 
of the scheme? 
1) Yes    2)  No 
HQ25. To which level has these statutes and legislation improved the scheme 
situation?
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
HQ26. Which are the legal procedures executed against person non-compliance to 
the scheme’s statutes and legislation? 
Being taken to police posts or courts 1 
Being sued to village elders committee 2 
Being charged by the local Government 
administration 
3 
Recovery of the stolen scheme properties 4 
Any other{name} 5 
 
HQ27. How effective have the legal proceedings taken against persons violating the 
scheme legislation and statutes been in respect of compliance to the scheme system? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
o  
G. Payments and compensations 
HQ28. Has there been any payments or compensation made for the scheme output? 
1) Yes    2)  No 
HQ29. Who offered the payments? 
DAWASCO  1 
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CARE TANZANIA 3 
KIKUNDI MTANDAO 4 
Any other {name} 5 
 
HQ30. Was the amount paid worth the conservation activities? 
1) Yes    2)  No 
HQ31. How would you rate the motivation from these payments to the conservers? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
HQ32. What are the challenges facing payment the referred payment system? 
Not provided in time  
Amount offered is small compared to 
output 
 
Conservers are not involved in price 
determination 
 
No good payment structure  
Any other {name}  
 
HQ33. Are the payments still being made? 
1) Yes    2)  No 
H. Community welfare 
HQ34. How has this scheme changed your livelihood? 
1) Very high    2)   High     3)    Moderate    4)   Low    5)   Very low 
HQ35. How do you rate the future improvement of the scheme system and 
community livelihood? 
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1) Much better    2)   Better    3)    Moderate    4)   Poor   5)   Much poor 
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Appendix H: Information Input Questionnaire (IIQ) for institutions on 
implementation of Equitable Payment for Watershed Service (EPWS) 
Section A: Introduction (Users and Buyers) 
i. Dear respondent, my name is (researcher / representative) from the National 
Environment Management Council (NEMC). I am an interested party in the Water 
Catchment Conservation Project that was implemented by Care-Tanzania in 
Uluguru Mountains Morogoro and the on-going similar project by WWF-
Tanzania in Usambara Mountains Tanga focusing on Equitable Payment for 
Watershed Services. You have been identified as a potential water stakeholder. 
May I have your  opinion on the implementation of the program as per questions 
below: 
ii. Date……/……/……… 
iii. Name and Sex of the respondent 
Name Sex (1-Male, 2-Female) 
  
iv. Title of the respondent and place where the interview is conducted. 





o  o  
 
Section B: Water Services – Sources and Uses 
1. What are the major uses of water for your institutions? 
Commodity to sell to institutions and individuals 1 
Production  2 
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Domestic use 3 
Others <Specify> 4 
 
2. Which are the major sources of water for your institution?  
DAWASCO/DAWASA 1 
River Ruvu/Wami 2 
Wells 3 
Others  <Specify> 4 
 
3.  Does your institution test for water parameters before and after release for public 
use?
        1) Yes   2) No {if no go to question No. 5}        
4.   If yes, which parameters are tested?
Parameter Before use After use 
TSS (Total Suspended Solids)   
TDS (Total Dissolved Solids)   
Chloride   
Fluoride    
Potassium    
Sodium    
PH   
Quantity   
Turbidity    
color   
Others  <Specify>   
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5. Which strategies do your institutional use to ensure sustainability and continuous 
water supply?
Involving Communities 1 
Forming departments/Team work which  deal with conservation  2 
Contributing money for conservation 3 
Others <Specify> ……………. 4 
 
6   How does your institution conserve water catchment sources?
Planting trees, etc. 1 
Financial support to conserving communities 2 
Restricting human activities along the river banks and within the catchment 
areas 
3 
Others <Specify> …………………………………………………… 4 
 
7.  What challenges does the institution face in undertaking watershed conservation 
activities?
Poor knowledge of the community members about ecosystem conservation 
approaches 
1 
Shortage of funds and resources  2 
Poor economic conditions of the conserving communities 3 
Others <Specify> …………………………………………………….. 4 
 
Section C: Institutional Issues 
8.  Does your institution have a department or teamwork to specifically deal with 
conservation and management of water catchments?
 1) Yes 2) No      [If no, go to question No. 13] 
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9.  Which criteria do you consider for the employees or workers under catchment 
conservation department or team work in your organization?
Professionalism in environmental and water issues 1 
Experience in Environmental and water issues 2 
Normal experience in environmental and water issues 3 
Others <Specify> 4 
 
10.  State how the institution empowers and builds capacity for catchment 
conservation department and teamwork to perform their tasks?
Budgeting with respect to activities planned 1 
Offering necessary training  2 
Providing equipment and essential facilities 3 
Others <Specify> 4 
 
11. How is the catchment conserving teamwork facilitated to perform its duties? 
Through careful planning and budgeting   1 
Occasional facilitation  2 
Provision of work equipment and transportation facilities 3 
Others <Specify> 4 
 
12.  Does the institution audit and accounts for the resources used by the catchment 
conservation department 
               1) Yes 2) No      [if no, go to question No. 14] 
13.  If yes, state the procedures used in auditing and accounting in your institution 
Internal and external auditing 1 
Sponsors audit and account for the resources used 2 
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Done during internal and general meetings 3 
Others <Specify> 4 
 
14. Have you ever had any institutional lash or interference during the 
implementation of conservation activities? 
               1) Yes 2) No      [if no, go to question No.16] 
15. If yes, please choose reason from the following: 
Some of the authorities issue permits for activities that threaten survival of 
watersheds < i.e. mining, construction and agriculture industries along and in the 
river channels> 
1 
Some of the authorities are not cooperative enough to support common agreement 
for watershed conservation before implementation of their various activities 
2 
There is no suitable structured system for participation common agreement for 
watershed conservation among concerned stakeholders 
3 
Others <Specify> ……………………………………………………… 4 
 
Section D:  Policy and Law  
16.  Does your institution have policies and laws for catchment conservation and 
management?
               1) Yes 2) No      [if no, go to question No. 18] 
17.  If yes, please state the policy and law that your institution uses to set priorities 
and to protect the catchment. 
Participatory approach among stakeholders 1 
Community motivation approaches 2 
Offering training and education to conservation groups 3 
Others <Specify> 4 
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18. Do the policies and laws in place meet the intended requirements? 
            1> Yes   2> No [if no go to question No. 20]       
19. If no, please suggest a better way for policy and law enforcement for 
conservation. 
Emphasizing enforcement of laws and policies 1 
Improving general understanding of the policies and laws 2 
Reviewing existing policies and laws in order to strengthen them 3 
Others <Specify> 4 
       
Section E: Contracts, Payments and Risk Issues 
20.  Does your institution cooperate with catchment conserving communities?
            1) Yes 2) No       
21. Are you aware of any payment contract between water conservation 
communities and water users or buyers? 1) Yes 2) No [if no go to question No. 24]  
22. If yes, what is your obligation in ensuring the effective payment between the two? 
The authority has appointed someone to follow up  1 
The authority motivates and makes payments for the services  2 
The authority has representatives in the conservation field 3 
Others <Specify> 4 
 
23. Please state the challenges that the institution faces in implementing agreed 
conservation contracts 
Lack of funds 1 
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Low understanding on ecosystem conservation among the communities 2 
Contract conditions are not easily met 3 
Others <Specify> 4 
 
24. As a potential water stakeholder, which payment modalities do you suggest for 
watershed conservation and management services in Tanzania? 
Payments to be made direct to conservation groups 1 
Payments to be made through banking systems 2 
 There should be clear conservation agreement criteria for effectiveness of the 
system 
3 
Others <Specify> 4 
 
25.  How does your institution fulfill its responsibility of ensuring effective payment 
for catchment conservation activities?  
By supervising and monitoring implementation of the agreement   1 
By making payments and or compensations to conservers  2 
By ensuring payments made get into conservation strategic plans 3 
Others <Specify> 4 
 
26. In your view, should the conservation payment system between water conservers 
and users and buyers be provided by law as compulsory or voluntary? 1) 
Compulsory 2) Voluntary 
27. If compulsory, state your reasons  
Appropriate penalties for disobedient  1 
Every stakeholder to recognize due rights and obligations 2 
Making the conservation sustainable 3 
Others <Specify> 4 
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28. If voluntary, state your reasons 
There is no need to command payments since it is voluntary  1 
It will lead to unnecessary conflicts 2 
Access to water is the right of everybody, so there is no need to force payments 3 
Others <Specify> 4 
 
29. Is there any necessity of having intermediaries for monitoring the conservation 
and agreement between water conservers/sellers and users/buyers? 1) Yes 2) No 
30. If yes, which intermediary organ should be given powers to monitor the 
conservation agreement between water conservers and sellers and users or buyers? 
Government 1 
Autonomous or independent Government institution 2 
Non-Governmental Organization 3 
Others <Specify> 4 
 
31. If no, which organ do you suggest should monitor the conservation and 
agreement issues between water conservers and sellers and users and buyers?  
The communities conserving water sources and their leaders 1 
Representatives from both sides ( conservers and water users and buyers) 2 
Village Government leaders from the concerned areas 3 
Others <Specify>  4 
 
32. Since your institution is a key water stakeholder, what is your recommendation 
to ensure sustainability and availability of water for your institution and entire 
nation? …………………………………………………………. 
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Appendix I: Evaluation Questionnaire for the use of PESDES in watershed 
management in Tanzania 
 
RE: Introduction to Evaluation Questionnaire  
Reference is made to the letter provided. By recognizing your expertise, you have been 
selected to participate in the assessment of the proposed PESDES model by providing 
comments regarding the suitability of the perceived usability and perceived usefulness of 
the PESDES model. There are both positive and negative statements to be measured 
according to the five points on Likert scale ranging from 1 (Strongly disagree), 2 
(Disagree), 3 (Neutral), 4 (Agree) and 5 (Strongly agree). As a potential user of the 
PESDES, please complete sections A, B, & C below (mark v, x or tick  as appropriate) 
in order to share your perception on the usability and usefulness of the PESDES model 
intended to enhance PES actors’ virtual collaboration and decision making.  
Definitions: Perceived usability refers to the degree to which the use of PESDES is free 
of effort i.e. characterized by simplicity, clarity, flexibility, compatibility and 
convenience; Perceived usefulness is the degree to which the PESDES is perceived as 
beneficial or adds value to PES actors and the practices. 
Section A: Participant’s Information  
Full name   
Email   Phone No.






Section B: PESDES Usability and Usefulness Evaluation 
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1. Process sequences of the PESDES design are 
logical
     
2. The PESDES design is clear and simple to 
interpret
     
3. PESDES users ‘guides are easy to follow      
4. Terminologies used in PESDES design are 
consistent with PES terminologies
     
5. Information contained in PESDES is easily 
accessible
     
6. I was confident when using PESDES without 
technical support 
     
7. The PESDES uses simple easily understandable 
language 


































1. Using PESDES has furnished me with 
information that really matter for watershed 
conservation 
     
2. Using PESDES has improved my ability to store 
data 
     
3. Using PESDES generated credible and trustable 
operational records of data for watersheds 
activities 
     
4. Using PESDES enhances open communication 
and networking among stakeholders
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5. Using PESDES supports quick decision making      
6. Using PESDES improves marketing strategy for 
PES commodities 
     
7. Using PESDES does not address key challenges 
hampering application of PES tool in Tanzania
     
8. Using PESDES does not enhance collaboration 
among stakeholders in PES schemes for 
watersheds management  
     
9. PESDES cannot guide and enable actors / 
practitioners to make real time decisions  from 
various locations
     
 
Section C: Additional Comments 












Thank you very much for your contribution 
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Appendix J: The registration suite activity flow diagram 
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Appendix L: Marketing sub-suite activity flow diagram 
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APPENDIX N: PESDES Actors’ Guides    
PESDES 





Recipes on institutionalizing PESDES in Watershed Operations 
(Activate preparedness of the Water Basin Office (WBO) and 
integrate PESDES in the PES schemes and watershed operations 
through implementing the start-up protocols).
























x Go to WBO to introduce the PESDES concept and the 
administrator (Focal Person) at WBO should be selected. 
x Select criteria for visiting watersheds (e.g. sequential or sampling). 
x Establish agreed working program with WBO and develop 
corresponding work plans and budgets.  
x Meet with conservers’ community to introduce PES scheme and 
the concept and select the privileged user at apex group level. 
x Build rapport with PES scheme implementers; introduce the plan 
and purpose of the programme.
x Train the users at all levels (i.e. WBO and apex group at the 
watershed level), on how to use the PESDES studio and obtain 
their assessment objectives and plans.   
x WBO in collaboration with KPs & IGs should assign a focal 
person to administer PESDES at the watershed level through the 
apex groups. 
x The PESDES model should be translated into popular language 
(e.g. Kiswahili) to facilitate use at grassroots level. 
x WBO should empower the apex groups with reliable electric 
supply and capable phones / computers facilities.  
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x Conduct stakeholders’ capacity building (i.e. on-job training) on 




Assessment recipes (Establish the status of watershed for baseline 
characterization (i.e. information and data) and ecological 
characteristics.
















x Delineate the watershed of interest and undertake inventory of 
PES scheme activities and participating stakeholders.
x Conduct stakeholders’ mapping and identify their expectations 
and concerns.
x Assess the status of the stakeholders’ collaboration in various 
interventions in PES schemes and watershed activities. 
x Identify specific roles, responsibilities and privileges of the 
participating stakeholders. 
x Establish monitoring protocol and design a sampling programme. 
x Develop and install field methods for stream gauging and flow 
measurement systems in collaboration with KPs & IGs and 
conservers to – (see also Appendix O, target B). 
x Establish stream / river water flow measurement methods in 
collaboration with KPs & IGs and conservers. 
x Establish indicators / parameters for water quality analysis in 
collaboration with KPs & IGs and conservers (refer Appendix O, 
target B). 
x Establish evaluation performance criteria for water flow and 
quality in the watersheds in collaboration with KPs & IGs and 
conservers. 
x Conduct baseline characterization to quantify water quality and 
quantity (refer also recipe B). 
x Check regularly the status of the field measurement installations 
and ensure proper upkeep. 
x Conduct watershed monitoring and carry out trend analysis in 
order to evaluate past and present protection measures. 
x Evaluate the status of the field installations for water quality and 
quantity measurements regularly.  
x Review the status of the monitoring protocols, performance 
criteria and monitoring program.  
x Conduct assessment on the sustainability of the competition 
activities. 
x Check compliance on guidelines, work plans and budgets to ensure 
clear roles and responsibilities for all participating stakeholders.  
x Document collaboration and decision making practices at the 
watershed level and PES schemes.
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x Document uniqueness and relevance of practices and knowledge 
possessed by the conservers and other stakeholders.
x Log in the studio and go to the “published documents panel”. 
x Check in the published documents panel to review deposited 
documents to obtain additional information.  
x Share the knowledge attributes with the IGs and conservers and 
obtain consensus to validate data and information.
x Feed the validated data and information into the “manage baseline 
value” section on the administration page.
x Share the results with the IGs and conservers using PESDES. 
These steps may vary depending on the situation on the ground 









factor” for the 
ES provided.
 
Recipe B – Field Assessment (ii) 
x Log in to the studio with administration privilege.
x Go to the “compensation control panel”.
x Measure flows to obtain “measured values” for selected rivers and 
streams in collaboration with IGs and KPs and validate.
x Measure the extent to which ambient water quality has changed 
(refer appendix O, target B).
x Share results with the Water Basin Office (WBO), conservers and 
IGs using PESDES and validate data through consensus. 
x Use the validated “measured value” to calculate additionality 
using   formulas through a “manage measured values section” in 
the “administration page” (refer Appendix O, target B).
x Share the “additionality factor” from the compensation sub-suite 
with IGs, ESS and ESB and generate consensus. 
x Determine “compensation” by using the additionality value and 
work out modalities for disbursements.
x Link ESB and ESS for contract engagement and payments 
disbursements.
x Use the results to evaluate performance based on the 
predetermined criteria / indicators and share with conservers and 
IGs through PESDES online and generate consensus.
x Prepare Evaluation Report (ER) about ES sales for records, 
information sharing and lessons learnt.
x Plan for stakeholders meeting to share the ER findings and 
recommendations on conservation activities and share with IGs, 
conservers, WBO and the participating group and adopt. 
These steps may vary depending on the situation on the ground 
and the KPs & IGs guidance. 
Recipe C – Field Assessment (iii) 
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x Log in the studio with administration privilege.
x Go to the marketing panel with administration privilege.
x Use the panel to get the generated data on marketing products.  
x Share the information with the KPs and conservers (apex group) 
using PESDES and generate consensus. 
x Use the data and information with the KPs and apex group for 
planning marketing operations.  
x Plan for the village meeting with KPs, apex group and 
stakeholders.
x Collaborate with ESS to collect information on market products 
and add to the “manage products section” in the “administration 
page” for planning and enhancing decision making.
x Share the information with ES buyer and KPs through PESDES 
online, to include necessary specifications to facilitate planning 
and decision making by ES buyers (refer Appendix O, recipe C).
x Design and prepare payments modalities for the business deal 
between ESS and ESB to ensure prompt disbursements and fair 
payments.
x Use the sales contract agreement to implement transaction.
These steps may vary depending on the situation on the ground 











Recipe D – Competition Management
x Log in the studio with administration privilege. 
x Go to the competition management panel.
x Use the panel to convene start up meeting for stakeholders and 
conservers. Also encourage participation in competition and 
conduct the orientation.   
x Explain clearly eligibility criteria for the competition and the 
proposed almanac. 
x In collaboration with IGs & KP establish Competition Forum and 
generate consensus (refer Appendix O, target D).
x Present the work plan on competitions and share information with 
the WBO, conservers and KPs & IGs and have a consensus. 
x Use the agreed work plan and budget to implement competitions 
among conservers.  
x Prepare all instruments needed to guide competition events such 
as forum, grievance resolution mechanism, performance 
evaluation criteria and constitute the competition forum (refer 
Appendix O, target D).
x Through competition management sub-suite review the above 
instruments regularly.
x Conduct evaluation to prequalify teams of the apex groups for 
competition and announce results online. This is accomplished in 
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the “PESDES - entry requirements section of the “administration 
page”. 
x Evaluate performance and give results of the winners and 
recommended awards. This function is achieved through 
competition management sub-suite.
x Convene stakeholders’ meeting to be attended by conservers, ES 
buyers and invite OIP parties to attend the awarding ceremony 
(Conservers’ graduation) at the watershed. 
x Prepare sustainability plan for the achievements and best practices 
by conservers groups from competition activities (refer Appendix 
O, target D).
x Use the predetermined criteria to conduct evaluate on the 
competitions outcomes and sustainability plan.
x Share the Evaluation Report (ER) with all key stakeholders to 
provide insights online regarding performance and lessons learnt. 
x Use the “ER” to guide the consecutive planning stages and make 
improvement on future competitions (refer Appendix O, target D).
These steps may vary depending on the situation on the ground 















Recipe E1 – Stakeholders’ Engagement and Management 
x Prepare procedures on log-in and navigation for actors using the 
PESDES actors’ guides and conduct training for the Apex group 
officials on their use in collaboration with KPs (refer recipe A1 
above, and Appendix O, target A1).
x Log in to the studio with administration privilege.
x Go to the facilitation and incentive suite and identity sub-suite.
x Use the actor’s information to identify and create database of the 
stakeholders in watershed and receive initial participation 
commitment (see also Appendix O, target A1).
x Share the list of PES stakeholders with KPs and validate using 
PESDES network.
x Use roles sub-suite to define clear roles and responsibilities of 
actors and share with IGs, conservers and buyers.
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x Enlist stakeholders’ expectations and concerns and make a plan to 
address them (refer also recipe A2 above).
x Use the list to prepare framework for stakeholders’ engagement 
and online discussion forums.
x Upload guidelines for conducting meetings of the stakeholders 
including calendar of meetings and administrative support using 
the administration page manage calendar of meetings section and 
manage meeting guidelines sections.
x Use guidelines to convene the meeting of stakeholders and 
implementation plan.                                                                         
x Provide a well-organized outreach plan pertaining to engaging 
stakeholders.
x Ensure inclusion of local communities in the decision making 
processes, representation and gender equality.
x Pay attention to the logistics and synergies of operating 
stakeholders’ activities.
x Use stakeholders’ survey report to update regularly the 
stakeholder matrix (i.e. list, roles, interest and concerns, 
implication for planning and evaluation of their performance to 
obtain feedback (refer also recipe A2 above). 
 
Planning and  
Budgeting 
Recipe E2 – Work Plan & Budget 
x Log in to the studio with administration privilege.
x Go to the administration page manage work plans section and 
manage work budgets section.
x Prepare annual operational plans and quarterly work plans with 
associated budgets in collaboration with conservers and 
stakeholders.
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x Present work plans & budget to stakeholders and conservation 
group and generate consensus.
x Conduct capacity building training for stakeholders on work plan 
and budget preparation skills.
x Revise work plans and budgets regularly to incorporate necessary 
changes in collaboration with stakeholders.
x Prepare project proposals for financial support by potential 
funders.
x Prepare guidelines for project proposal writing and funding by 
donors.
x Obtain confirmation of funding support and provide status to the 
work plan & budget committee meeting for discussion, decisions 
and approval. 
x Obtain firm commitment from funders as applicable.
x Integrate M&E components in the work plan and budgeting 
process.
x Conduct in-house capacity building training for stakeholders on 
project management, proposal writing and M&E skills and 
reporting.
x In collaboration with stakeholders conduct periodic monitoring 
and evaluation on conservers’ activities in PES scheme and 
watershed operations.
x Provide guidelines for conducting monitoring and evaluation. 
x Collect baseline data and store in the database as appropriate 
x Plan for stakeholders’ meeting and present progress & audited 
reports on implementation of conservation activities. 
x Have consensus on the format for reporting of progress reports, 
financial reports and audit reports.
x Prepare guidelines for fundraising at watershed level 
interventions.
x Conduct fundraising activities and lobbying plan with friends of 






Recipe F - Conducting Collaboration Meetings
Overcome barriers to collaboration:
Conduct regular assessment on barriers to collaboration that exist and 
emerging.  
Assess ability to collaborate and enhance capacity needs (gap).
Inculcate the culture of collaboration and cohesive conservation. 
Enhance interaction between conservation groups and among actors 
through open interpersonal communication.
Model collaboration to the entire PES scheme and watershed actors.
Share information to develop a common understanding of the 
conservation agenda. 
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Be aware of possible collaboration barriers:
x Lack of respect and trust




x Lack of self-efficacy
x Actors’ competitiveness
x Unclear goals or questions
x Free riding
x Different mind-sets







x Defining and agreeing on sharing management functions - 
possible roles and responsibilities and decision making methods.
x Watershed and land planning process and management
x Setting priority areas for the conservation  activities 
x Preparing best management systems in the watershed
x Map out boundaries of all streams and rivers
x Develop soil conservation plans
x Identify and develop measures to prevent problems that may be 
contributing to overall stream instability
x Identification of grazing areas and controlled areas
x Planning for channelization activities in the watershed






Recipe G - Collaborative problem solving can be in 3 phases 
Build relationships for future collaboration 
Diverge: x Generate new knowledge
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x Exchange information and share new knowledge
Converge: x Reduce and distil information that is important for 
decision making
x Clarify to create shared understanding
x Organize information to reduce complexity and 
ambiguity
Reflect: x Evaluate and compare alternatives









Recipe H - Facilitation skills: 
x Encourage active participation
x Recognize active participation & lack of interest 
x Lead brainstorming sessions
x Create effective agenda
x Hold attention and create focus
x Understand expectations
x Move the group forward
x Build consensus
x Invite constructive criticisms
x Deal with individual differences
















Recipe I - Collaboration sessions (i) 
x Analyse stakeholders’ profiles
x Define purpose of the meeting
x Design the stakeholders’ meeting or workshop
x Invite participants
x Create agenda
x Prepare tools and techniques for collaboration
x Guide the meeting
x Give clear instructions
x Use language that is at the group level
x Encourage participation & invite different ideas and perspectives 
x Set ground rules (better if they are set by the group at the start) e.g. 
respect for each other, speaking in turns, equal speaking time, 
accommodate different perspectives
x Allow experts and experienced participants to share their expertise
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x Ask open questions
x Identify & resolve conflicts
x Spend time to know each other
x Manage time and ensure punctuality
x Wrap up & create rapport
x Be neutral & objective 
Recipe J - Collaboration sessions (ii)
x Arrange for a conservers’ meeting
x Draft agenda for the meeting using insights from assessment 
statistics
x Have a list of stakeholders (apex group members, local leaders, 
village elders,  farmer groups, local councillors, NGOs, CSOs, 
CBOs)
x Think who to invite and what their stakes are?
x Get a suitable way of contacting stakeholders (SMS, e-mail, phone 
call)
x Find a suitable venue and determine sitting arrangement (semi-
circle or in circular form  facing each other)
x Begin the meeting with a cup of tea/soft drinks where necessary 
x Have a moment of prayer and  introduction of participants
x Avail the agenda to participants
x Elaborate on PES scheme and watershed assessment statistics and 
the pertaining implications 
x Set the rules of procedure and give guidelines for the meeting
x Proceed to discussion by brainstorming to build consensus
Recipe K - Stakeholder awareness sessions
x Analyse the  stakeholders’ profiles
x Go to the “live charts” and “video call” control panels through 
messaging in the awareness suite 
x Develop the agenda or discussion issue
x Have clear topic each discussion 
x Invite participants to brainstorm on the topic 
x Suggest a  time frame 
x Inspire participants to contribute ideas in relation to the topic
x Ensure freedom of expression by discouraging personal attacks
x Generate as many alternative ideas on watershed / land use 
planning process and management, PES issues, watershed 
priorities and 
x Stakeholders’ participation as time allows (diverge).
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Recipe L - Divergence/ collecting information and convergence
x Set scope, formulate sharp questions to indicate the required 
information
x Allow experts and experienced participants to share their expertise
x Ask open questions
x Limiting the number of ideas often leaves with just obvious ones
x Use small groups to discuss ideas before sharing them
x List all the ideas provided
x Create shared understanding of different perspectives
x Visualize different perspectives and explain reasons for different 
perspectives
x Create categories for the generated  ideas (watershed / land use 
planning process and management, PES issues, watershed 
priorities and the stakeholders’ participation )
x Identify where each of the ideas fall (organize)
x Eliminate the irrelevant ones (evaluate)
x Assess generated ideas in their category and get the most feasible 
ones (converge)
x Discard ideas that are not feasible 
x Share best and worst experiences on PES schemes and watersheds 
management
x Have shared understanding (build in consensus)
x Read the contents of the consensus to participants
x Have a vote of thanks to participants and adjourn the meeting
Recipe M - Supporting convergence
x Define clear scope
x Organize participants’ perspectives in cluster
x Select key ideas
x Summarize sets of similar ideas in one phrase
x Merge similar ideas 
x Identify and resolve statements
x Filter ideas based on quality criteria
x Make convergence visible for all; on flipchart, whiteboard or 
beamer.
Recipe N - Consensus building
x Distinguish differences of meaning & differences of information
x Different mental models 
x Willingness to support the decision selected matters
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x Conflict resolution, negotiation, trust building
x Use clear and democratic decision making rules (communicate 
these in advance)
x Have very clear and precise objectives for tangible results e.g. 










Recipe O - Enhancing real timely communication between 
conservers and stakeholders 
x Check for clarity of resolutions from collaboration sessions
x Edit and have clear message
x Have the resolutions  circulated to concerned stakeholders
x Get feedback from conservers and stakeholders
x Log in the studio and update the knowledge base (document
control panel)
x Collect, store and retrieve  information for sustainable use in the 
basin 
x Ensure conservers’ needs are taken into consideration
x Communicate vital information (alerts) through “group message” 
to conservers in time 
x Help conservers to make inquiries to the IGs by using inquiry icon 
(group message, live charts or video call)
x Have a follow up on conservers’ inquiries and provide feedback 
x Connect conservers to specialized experts (IGs) and their contacts 
for technical advice on issues you are not able to handle
x Use the information to present order details (e.g. product name, 



















Target A1: Watershed 
stakeholders 
trained on how to 
use PESDES. 




















at all levels 
(WBO & Apex 
Groups).  
Focal persons 
selected and actively 
participating in PES 
and watershed 
activities. 
Ensures a quick start-up 
for using PESDES and 
its field application in 
watershed management 






(Document) of the 




and decision making, 
leading to improved 
watershed management.
Apex groups are 
capable of using 
PESDES 
effectively. 
Capable phones and 
computer sets 
available for the apex 
groups and being 
used.  





and decision making.  
 















PES schemes apply 
field practices and 
experiences from the 
database.




and experience on the 
application of PES 

















Ensures proper planning, 
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Leading to enhanced 
collaboration and 









delivery from field 
interventions. 





decisions will catalyze 
watershed activities 











Ensures efficient field 
operations and targeted 
data collection for 
supporting decision 




for watershed.  
Baseline data on 
water quantity 
established. 
Baseline data on water 
quantity used in the 
trends analysis and 
decision making on ES 
additionality 
Baseline data on 
water quality 
established. 
Baseline data on water 
quality is useful in 
determination of ES 
additionality which 
enhances the decision 
making for ES 
compensations. 
Target B Flow 
measurements 
for selected 





installations in place. 
 
Measured flow 
values (m3 / sec) 
available.
Data for “measured 
water quantity” 




making due to reliable 
data for estimating the 
























leading to improved 
watershed management.




as per agreed 
parameters (i.e. 
quality criteria 





Data on water quality 
from selected 
streams and rivers 
available. 
List of accredited 
laboratories for water 
quality analysis.  
Data for” measured
improvement in water 
quality” available and 
used for determining the 
“additionality value” 
Enhanced decisions due 
to reliable data for 
estimating the realistic 
and fair compensation.  
Conserver’s motivation 











Measured value on 
additional water 






Fair and timely payment 
made to ESS based on 
PESDES computations. 
Enhanced collaboration 
and decision making 
leading to improved 
conservation efforts 
among actors in the 
watersheds.
Performance 






of water flows. 
Quality parameters 
established e.g. 
turbidity, nitrate, and 
sediments). 
Facilitate assessment 
and data on quantity and 
quality for enhanced 
determination of 
additionality.
Fair determination of 
measured values. 
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and stored in the 
PESDES.
Collaboration between 
ESS & ESB enhanced as 
well as effective 
participation of IGs & 







recipe C). Marketing / sales 
information 
packed and 
available for use 
by ESB and apex 
groups.
Packed information 
available in the 
PESDES database 
and accessible, 
List of product orders 
and performed sales. 
 
ESB and ESS running 
effectively and 
efficiently. 
ESS and ESB motivated 
thus leading to improved 
collaboration, enhanced 
information sharing, and 






and available in 
PESDES for use. 
Contract Agreement 
in place and 
implemented. 
List of successful 
contract executed 
between ESS & ESB. 
ESB and ESS 
concluding business 
effectively due to 
enhanced information 
sharing, collaboration 





List of Contract 
Agreement executed,  
 Payments modalities 
established.
ESS motivated by 
reliable ESB and 
markets for produce. 
Enhanced watershed 
management.










Number of  
successful 
competitions. 
Records of awards to 
winners (database). 






Decision making in 




















Effective planning and 
budgets practiced, as 
well as clear roles & 
responsibilities for 


























decision making (i.e. 
evaluation for awards 





List of registered 
stakeholders 
available in PESDES 
database. 
Resolutions of the 
forum in place. 
Improved collaboration, 
transparency and 
accountability leading to 
enhanced decision 






List of winners and 
awards established. 





and decision making 








ER available and 
retrievable for use.
Feedback obtained from 
ER and used, leading to 
enhanced decision 
making for improvement 
actions for watershed 
management.
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Plan (SP) for 
competitions 
prepared. 
SP reports available 
and retrievable for 
sharing and used 
(best practices, skills 
promoted). 
Sustainability actions 
instituted and decision 
making enhanced. 
Target E1 Procedures 







guidelines are in 
place. 
PESDES users well 
guided by the 
procedures. 
Enhanced collaboration, 
information sharing and 
decision making among 
actors, leading to 




















and decision making, 





Clear roles and 
responsibilities 
for stakeholders 









Effective and efficient 
operations, improved 






















Report on activities 
of the SF available.
Enhanced collaboration 












and complied with. 





Target E2 Annual Work 





in place and 
accessible online for 
use. 
Number of actors 
using documents and 
practicing.
Clear roles and 
responsibilities among 
actors. 
Increased level of 
accountability.  
Enhanced participation, 
















A sample of the 
approved PP is 
available. 
Guidelines for PP are 
in place and 
accessible through 
PESDES online for 
use. 
 List of Project 
Proposals 
Increased resources and 
scope of watershed 
interventions and 
information sharing.  
Enhanced collaboration 
and decision making, 
Strengthened skills in PP 
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Lobbying Plan in 
place  
Evidence of output 
from fundraising. 
Increased resources and 
scope of watershed 
intervention. 
Improved watershed 
flows and quality of 
water 
 
































and decision making.  
Improved watershed 
management.









High quality outputs 
and timely delivery.
Enhanced collaboration 





















APPENDIX P: Objective Tree Analysis For Pes Scheme Challenges From Case Study 
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Water is an essential resource for all sectors of the national economy, particularly 
considering the current industrial sector development initiative which is the top agenda 
in Tanzania.  Watershed degradation has been observed to be and may lead into 
significant and unprecedented deterioration of the water resources with probable future 
severe consequences on the initiative and other development activities. Watershed 
management is an important intervention to protect the degrading watersheds in Tanzania 
and other countries in the region. The region’s governments are required to put in place 
mechanisms that inspire stakeholders’ collaboration in the management of watersheds 
since governments cannot undertake this mammoth task alone. The process of ensuring 
stakeholders’ collaboration in conserving watersheds particularly in Tanzania is 
challenging. This is because the process requires the ministry responsible for water affairs 
to consider and address various issues which challenge effective stakeholders’ 
participation in watershed management.  
The initial trigger in this study was prompted by the researcher’s practical experience in 
the field as a reflective practitioner, and when he noted that water demand in Tanzania is 
constantly increasing. This interest sparked the vigor to investigate further, through 
literature review and exploratory studies in order to get a deeper understanding of the 
problem. The initial exploratory findings for problem grounding showed that watersheds 
are facing a number of operational inadequacies and practical challenges and the 
Government has started implementing collaborative watershed initiatives as stipulated in 
the Water Act and other national strategies. Even so, prior to this study limited knowledge 
was available concerning the collaboration and decision making in watersheds 
countrywide. Additionally, no guidance was available for the processes influencing 
stakeholders’ participation in watershed management. Accordingly, the researcher 
perceived the need and importance of facilitating this process. The research aimed at 
providing an approach that will facilitate effective collaboration among stakeholders in 
enhancing decisions making for effective watershed management in Tanzania. 
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The water sector in Tanzania provided an appropriate setting for the study, and two 
existing pilot PES schemes were provided for case studies. The study used these PES 
schemes to gather in-depth understanding on collaboration and decision making aspects 
of watershed management in the country. Currently, PES concept in watershed 
management in Tanzania is undeveloped. This situation is aggravated by; (i) lack of PES-
friendly institutional mechanisms, (ii) inadequate policies to support implementation, (iii) 
weak technical capacities to provide the necessary expertise, and (v) market for ES 
products are non-existent. These issues cause an unfavorable environment for PES 
schemes to develop in the country. As a result, PES has neither been advanced and nor 
adopted in watershed management. To enhance the use of PES scheme an appropriate 
approach is necessary to facilitate policy, institutional, legal and technical capacities. On 
the other hand, over the decade, PES schemes have proliferated rapidly and research 
suggest that PES schemes could play a more prominent role in linking public and private 
efforts to protect watersheds both in Tanzania and at global level. 
The generic understanding of the collaboration and decision making context of watershed 
stakeholders in Tanzania formed the basis for design considerations for the Payment for 
Ecosystem Services Decision Enhancement Studio (PESDES). Design science research 
philosophy and engaged scholarship were engaged in developing PESDES to provide 
actors’ guides for watershed stakeholders to improve collaboration and enhance their 
decision making capacities. Accordingly, a new way of thinking, working, governance 
and modelling was required for watershed actors to facilitate collaboration and decision 
making. The artefact, namely PESDES, was designed and instantiated to provide users’ 
guides as recipes for gauging stakeholders’ collaboration and decisions on PES scheme 
and watershed management. PESDES is a web-based approach which consists of four 
suites of different services, namely, membership, awareness, facilitation & incentive and 
competition suites all of which facilitate watershed stakeholders’ collaboration and 
decision making.     
Actors’ guides (i.e. guidelines) have been prepared for the use of PESDES. The set of 
guidelines for PESDES in Tanzania serves as a contribution to solve the problem 
presented above. Additionally, the guidelines provide mechanism to address the 
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challenges of the watersheds as identified in this study and provide recipes for (i) 
conducting field assessment on water quantity and quality, (ii) determining the 
additionality value and fair payments for the provision of ES by conservers, (iii) 
generating and sharing information on the market products for sale, (iv) achieving 
effective stakeholders’ engagement and collaboration, (v) motivating conservers’ 
participation in conservation activities through competitions, and (vi) ensuring effective 
planning and budgeting.   
The evaluation suggests that the PESDES is relevant, useful, and usable and has the 
potential to achieve its primary purpose of improving collaboration, enhancing decision 
making and facilitating the processes of planning, implementation and evaluation in 
watershed management interventions.  The PESDES is also expected in effective 
watershed management to contribute by enhancing; stakeholders’ motivation and skill 
development, fair and timely payments to ES providers by ES buyers, efficiency and 
effectiveness in the implementation of PES scheme and watershed operations. Others 
include enhanced resource base through fundraising and planning leading into improved 
transparency and accountability. These outputs will have significant contribution in 
addressing challenges identified by the study as facing watershed management in 
Tanzania.  
The PESDES design itself is an innovative artefact from this research which contributes 
both to theory and practice of collaboration and decision making for PES scheme and 
watershed management. Additional contribution of the study includes; a new perspective 
from the application of theory of DES in the field of PES and watershed management, 
influence on national policies (e.g. water and environment) as well as contribution on the 
implementation and attainment of  the relevant millennium development goals.  
Because this study was conducted in Tanzania, the PESDES may be more applicable to 
the Tanzanian watersheds situation and a range of stakeholders even beyond the country’s 
borders can benefit from using the artefact and the guidelines. Specific stakeholders are 
the regulators, sponsors, decision makers, partners, researchers and consultants interested 
in PES schemes and watershed management issues. Nonetheless, the potential 
capabilities of PESDES can go beyond the PES schemes and watersheds and address 
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collaboration and decision making challenges in other dealings relating to natural 
resource management such as agriculture, forestry, wildlife and environment. Given these 
merits, the Government is urged to consider adoption for use in Tanzania. This will 
contribute towards the enhanced participation of other stakeholders in the country and 
encourage international support in effective watershed management in Tanzania.  
Likewise, PESDES can be applicable in other countries in Africa with closer or 
comparable contextual situations particularly those in the SADC region. It is emphasized 
though, that user countries should establish and understand their contextual situations and 
challenges before applying PESDES and guidelines. The responsibility of ensuring 
compliance with the guidelines, and for updating them rests with the ministry responsible 
for water affairs in collaboration with stakeholders. The review will be necessitated by 
changes of applicable laws and regulations in the water sector and when it is required to 
incorporate best practices and lessons learned with a view to improving the guidelines.  
The actors’ guides (guidelines) will be used depending on circumstances and the 
audience.  
The research also provides direction and recommendations regarding future research. 
Examples of these are: (i) a post-study extension for two years to allow a “practical pilot 
case” for a selected catchment to enable further evaluation of PESDES performance and 
to allow refinement of guidelines before up-scaling, (ii) an in-depth understanding 
regarding the application of DES in providing solutions for enhanced decisions that affect 
other natural resource management sub-sectors in Tanzania, and (iii)  an in-depth 
understanding of the regulatory framework to facilitate the adoption and implementation 
of PESDES in other sectors.  
By developing and evaluating the PESDES artefact and guidelines for enhanced 
collaboration and decision making in watershed management in Tanzania, the objectives 
of this study will have been achieved. 
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Voor alle sectoren van de nationale economie in Tanzania is water een essentiële 
hulpbron, temeer omdat verdere ontwikkeling van de industriële sector de hoogste 
prioriteit heeft. Degradatie van stroomgebieden kan tot een aanzienlijke en ongekende 
afname van de watervoorraden leiden, met mogelijk ernstige gevolgen voor 
ontwikkelingsactiviteiten. Het beheer van stroomgebieden is belangrijk om de 
stroomgebieden in Tanzania en andere landen in de regio te beschermen. Regeringen 
moeten procedures instellen die stakeholders aanmoedigen om samen te werken bij het 
beheer van stroomgebieden; regeringen kunnen deze gigantische taak niet alleen 
vervullen. Dit is een uitdagend proces, zeker in Tanzania, omdat de verschillende 
problemen die een effectieve bijdrage van stakeholders aan stroomgebiedbeheer in de 
weg staan, moeten worden gesignaleerd en aangepakt door het ministerie dat 
verantwoordelijk is voor waterzaken. 
Dit onderzoek is in eerste instantie ingegeven door de reflectie praktijkervaring van de 
onderzoeker. In die hoedanigheid merkte hij op dat de watervraag in Tanzania 
voortdurend toeneemt. Dit motiveerde hem om meer inzicht in het probleem te krijgen 
door middel van literatuuronderzoek en verkennende studies. Uit de eerste bevindingen 
bleek dat stroomgebieden worden geconfronteerd met een aantal operationele 
tekortkomingen en praktische uitdagingen. De Tanzaniaanse regering was begonnen met 
het implementeren van gezamenlijke initiatieven voor stroomgebieden zoals bepaald in 
de Waterwet en andere nationale strategieën. Toch was er voorafgaand aan dit onderzoek 
weinig kennis beschikbaar over de landelijke samenwerking en besluitvorming inzake 
stroomgebieden. Bovendien bestond er geen informatie over de processen die de 
deelname van de stakeholders aan het beheer van stroomgebieden beïnvloeden. De 
onderzoeker onderkent de noodzaak en het belang om dit proces te faciliteren. Dit 
onderzoek streeft er dan ook naar een benadering voor effectieve samenwerking tussen 
stakeholders te ontwikkelen om de besluitvorming rond effectief stroomgebiedbeheer in 
Tanzania te verbeteren. 
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De watersector in Tanzania vormt een goede setting voor het onderzoek; twee bestaande 
pilotprogramma’s voor Payment for Ecosystem Services zijn als casestudy’s gebruikt. 
Deze PES-programma’s geven meer inzicht in de samenwerking en besluitvorming rond 
stroomgebiedbeheer in Tanzania. Momenteel wordt het PES-concept op dat gebied nog 
weinig toegepast, dit omdat (i) PES-vriendelijke institutionele procedures ontbreken, (ii) 
er een gebrekkig beleid ter ondersteuning van de invoering bestaat, (iii) evenals een 
slechte technische capaciteit ter verstrekking van de benodigde kennis, en omdat (iv) een 
markt voor Ecosystem Services ontbreekt. Dit alles leidt tot ongunstige omstandigheden 
voor de ontwikkeling van PES-programma’s in het land. Als gevolg hiervan wordt PES 
niet toegespitst en toegepast op stroomgebiedbeheer. Om hier verandering in te brengen, 
moet een adequate aanpak worden ontwikkeld ter verbetering van de beleidsmatige, 
institutionele, juridische en technische capaciteiten. Het afgelopen decennium is het 
aantal PES-programma’s wel snel toegenomen, en onderzoek suggereert dat PES-
programma’s een prominentere rol kunnen spelen in het koppelen van publieke en 
particuliere initiatieven om stroomgebieden te beschermen, zowel in Tanzania als op 
mondiaal niveau. 
De kennis over de samenwerking en besluitvorming van stakeholders in stroomgebieden 
in Tanzania vormt de basis voor het ontwerp van de Payment for Ecosystem Services 
Decision Enhancement Studio (PESDES). De PESDES, ontwikkeld op basis van  de 
design science-onderzoeksfilosofie en engaged scholarship, dient als leidraad voor 
stakeholders in stroomgebieden om de samenwerking te verbeteren en hun 
besluitvormingscapaciteiten te vergroten. Dit vereist een nieuwe manier van denken,
werken, beheren en modelleren van stroomgebiedactoren. PESDES biedt gebruikers een 
stappenplan dat de samenwerking en besluitvorming van stakeholders ondersteunt. 
PESDES bestaat uit vier online suites die verschillende diensten bieden: ‘membership’ 
(lidmaatschap), ‘awareness’ (bewustwording), ‘facilitation & incentive’ (ondersteuning 
en stimulering), en ‘competition’ (competitie). 
Er zijn richtlijnen opgesteld voor het gebruik van PESDES in Tanzania. Deze richtlijnen 
dragen bij aan het oplossen van de eerdergenoemde problemen en de in dit onderzoek 
vastgestelde uitdagingen in de stroomgebieden. Er worden stappenplannen geboden om 
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(i) de waterkwantiteit en -kwaliteit ter plaatse te evalueren, (ii) de toegevoegde waarde 
van ES te bepalen en een billijke vergoeding voor conservators vast te stellen, (iii) 
informatie over de te verkopen marktproducten te verzamelen en delen, (iv) effectieve 
betrokkenheid en samenwerking van stakeholders te bewerkstelligen, (v) conservators te 
motiveren tot deelname aan conserveringsactiviteiten door middel van competities, en 
(vi) een effectieve planning en begroting op te stellen. 
Uit de evaluatie blijkt dat PESDES relevant, nuttig en bruikbaar is en kan bijdragen aan 
het primaire doel om de samenwerking, besluitvorming en processen op het gebied van 
planning, uitvoering en evaluatie van stroomgebiedbeheer te verbeteren. PESDES kan 
ook bijdragen aan effectief stroomgebiedbeheer door de motivatie en vaardigheden van 
stakeholders te verbeteren, eerlijke en tijdige betalingen aan ES-leveranciers te 
bevorderen, en de efficiëntie en doeltreffendheid van PES-programma’s en 
stroomgebiedbeheer te vergroten. Daarnaast kan PESDES door middel van 
fondsenwerving en planning een bijdrage leveren aan het verbeteren van hulpbronnen, 
wat leidt tot meer transparantie en verantwoording. Deze resultaten leveren een 
belangrijke bijdrage aan het oplossen van de in dit onderzoek vastgestelde problemen 
rond stroomgebiedbeheer in Tanzania.  
PESDES is een innovatief ontwerp dat bijdraagt aan zowel de theorie als de praktijk op 
het gebied van samenwerking en besluitvorming rond PES-programma’s en 
stroomgebiedbeheer. Daarnaast biedt dit onderzoek een nieuw perspectief op de 
toepassing van de DES-theorie op PES en stroomgebiedbeheer, heeft het invloed op 
nationaal beleid (op het gebied van water en milieu) en helpt het om de gerelateerde 
millenniumdoelstellingen te implementeren en behalen.  
Aangezien dit onderzoek in Tanzania is uitgevoerd, is PESDES waarschijnlijk vooral van 
toepassing op Tanzaniaanse stroomgebieden, maar verscheidene stakeholders, ook buiten 
de landsgrenzen, kunnen er hun voordeel mee doen. Hierbij valt te denken aan 
toezichthouders, sponsors, beleidsmakers, partners, onderzoekers en consultants die 
geïnteresseerd zijn in PES-programma’s en stroomgebiedbeheer. De mogelijkheden van 
PESDES gaan echter verder dan PES-programma’s rond stroomgebiedbeheer; PESDES 
kan zich ook richten op het verbeteren van de samenwerking en besluitvorming bij het 
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beheer van andere natuurlijke hulpbronnen zoals landbouw, bosbouw, fauna en milieu. 
Gezien deze voordelen wordt er bij de Tanzaniaanse regering op aangedrongen PESDES 
toe te passen. Dit zal de bereidheid tot deelname van andere stakeholders in het land 
verbeteren en internationale steun voor effectief stroomgebiedbeheer in Tanzania 
genereren.  
PESDES kan mogelijk ook in andere Afrikaanse landen met vergelijkbare 
omstandigheden worden toepast, met name in de landen van de 
Ontwikkelingsgemeenschap van Zuidelijk Afrika (SADC). Er wordt echter benadrukt dat 
landen die PESDES willen toepassen eerst hun specifieke omstandigheden en 
uitdagingen moeten vaststellen en doorgronden. Het ministerie dat verantwoordelijk is 
voor waterzaken moet, in samenwerking met stakeholders, ervoor zorgen dat de 
richtlijnen worden herzien en nageleefd. Herziening is noodzakelijk bij het wijzigen van 
toepasselijke wetten en voorschriften in de watersector en om opgedane ervaringen in de 
richtlijnen te verwerken. De richtlijnen moeten op de omstandigheden en de doelgroep 
worden afgestemd.  
Het onderzoek biedt ook aanbevelingen voor toekomstig onderzoek. Voorbeelden 
hiervan zijn: (i) een pilot van twee jaar in een geselecteerd stroomgebied om de prestaties 
van PESDES verder te evalueren en de richtlijnen te verfijnen voordat deze verder 
worden uitgerold; (ii) verder onderzoek naar de toepassing van DES als hulpmiddel om 
problemen rond het beheer van andere natuurlijke hulpbronnen in Tanzania op te lossen; 
en (iii) verder onderzoek naar de benodigde kaders om de implementatie van PESDES in 
andere sectoren te bevorderen. 
Met de ontwikkeling en evaluatie van PESDES en de richtlijnen voor verbeterde 
samenwerking en besluitvorming rond stroomgebiedbeheer in Tanzania is het doel van 
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